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of poisoning due to inhala- 
tion of lead dust or fumes have been 
reported in other medical literature but not 
in the radiological literature. 

About 300 B.C., Hippocrates recorded 
his findings in a case of lead colic in an ex- 
tractor of metals.'* The clinical picture of 
the various manifestations of plumbism 
have been described many times since. In 
France, lead contaminated wine has pro- 
duced numerous epidemics, reported at in- 
tervals during the past four hundred 
years." In the writings of Benjamin 
Franklin are found references to cases of 
lead poisoning from drinking New England 
rum. Most ‘New England rum”’ was dis- 
tilled in the Boston area, and the Colony of 
Massachusetts showed an early interest in 
public health by inscribing on its statute 
books, in 1723, a law forbidding the use of 
lead parts in apparatus for the distilling of 
rum.'® In 1767, Sir George Baker traced 
the cause of ‘Devonshire colic” to lead in 
storage containers of cider which, in its 
mellow state, was then a popular beverage 
in southwest England. Tanquerel des 
Planches in 1839 first described all the 
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manifestations of saturnism in one trea- 
tise.'® 

With the coming of the Industrial Revo- 
lution, lead intoxication became increas- 
ingly common, and remained so until 
about 1910 when industrial hygienic con- 
ditions began improving. In many in- 
stances, industrial poisoning was due to 
inhalation of lead fumes and dust rather 
than to ingestion of contaminated material. 
In 1909, Goadby" reported that animals 
confined in an atmosphere containing 
lead dust developed toxic symptoms more 
quickly than did animals fed ten times as 
much lead. Later Aub noted that when in- 
soluble lead salts were introduced into an 
animal’s trachea, lead was found in the 
tissues only a few hours later. Absorption 
of lead from the respiratory tract being 
more complete and rapid than from the 
alimentary tract or skin and mucous mem- 
branes, and the liver excreting a large 
amount of the lead absorbed from the in- 
testinal tract, toxicity from inhalation 
develops more rapidly and is more severe.* 

From the roentgenologist’s standpoint, 
lead poisoning in adults is of little interest, 
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for the metal is deposited in roentgeno- 
logically demonstrable concentration only 
in actively calcifying bone—that is, in the 
metaphyses of children’s bones, in healing 
fractures, and in bone regenerating follow- 
ing radiation therapy of destructive tumors, 
primary or metastatic. Since induced lead 
poisoning is no longer used in the treatment 
of cancer, roentgen evidence of lead poison- 
ing in adults is extremely rare. Roentgen 
evidence of lead poisoning in children, on 
the other hand, is not infrequently en- 
countered. 

Prompt recognition of plumbism in 
children is more important than in adults, 
for children react to smaller dosage and 
more severely. In epidemics of lead poison- 
ing in which both children and adults have 
been exposed in the same manner and 
amount, children are uniformly found to be 
more susceptible, particularly those under 
four years of age. It has also been noted 
that individual response to the same degree 
of poisoning varies considerably, some per- 
sons developing toxicity much more readily 
than others.” 


SOURCES OF LEAD 


Many of the cases of lead poisoning in 
children reported in this country have been 
due to abnormal appetite, leading to in- 
gestion of dirt and trash and to persistent 
sucking and chewing of anything that can 
be put in the mouth. The number of such 
cases fell off rapidly when the danger of 
lead toys was appreciated and when the use 
of lead paint on woodwork and children’s 
furniture and toys was stopped. Lead 
nipple shields, lead foil and food wrappings, 
lead cooking utensils, and lead pipes carry- 
ing slightly acid drinking water are other 
sources which have largely been eliminated. 
Lead-containing ointments, lotions, and 
dusting powders used on irritated nipples 
are still the source of an occasional case of 
lead poisoning in nurslings. In adults, hair 
dyes, lead acetate douches, and astringent 
mouth washes have been known to produce 
plumbism. 

In Japan, poisoning in nurslings was ex- 
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tremely common because there were no 
laws prohibiting manufacture of white lead 
rouge, toilet and baby powders. Japanese 
women used large amounts of owder on 
their faces, necks, shoulders, and breasts, 
They absorbed enough lead to render their 
milk toxic to the infants while themselves 
remaining free of clinical symptoms.” 

In Queensland, Australia, numbers of 
children were poisoned by lead paint used 
on verandas and other outdoor woodwork, 
due to inhalation of lead dust as well as to 
ingestion of the paint. In the hot, dry 
climate of Queensland, the paint was 
quickly reduced to a powd_r dangerous to 
children with healthy appetites as well as 
to those suffering from pica.!* 

In 1933, epidemics of lead poisoning were 
reported in Nashville by Crutcher? and in 
Ba timore by Williams and others,” in 
which, for the first time, the source of lead 
was traced to the use of storage battery 
casings for fuel. In the Baltimore epidemic, 
junk dealers, after salvaging the lead plates 
from the batteries, had, with the best f in- 
tentions, sold at small cost or, in some 
cases, given away the useless casings to 
destitute families. The casings were en- 
crusted with lead sulphate and lead per- 
oxide. They burned with an intense but 
smoky flame. The leaky cook stoves in 
which they were used permitted volatilized 
lead to escape with the smoke into the con- 
gested rooms of these poor homes and 
apartments. The result was 40 known cases 
of lead poisoning. The report of this 
epidemic was published in the Yournal of 
the American Medical Association, and 
aroused immediate interest. Cases of plumb- 
ism from the same cause were promptly 
reported in Philadelphia, Long Island, and 
Detroit. 

Similar epidemics have since been re- 
ported in Lexington, Kentucky,' and New 
York City,‘ as well as scattered cases. The 
use of battery casings for fuel was resorted 
to because of poverty. In Staunton, 
Virginia, it was recently discovered that 
wartime scarcity of fuel had led another 
marginal neighborhood to burn discarded 
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battery casings. Seventeen out of 18 
children investigated were found to have 
latent or toxic plumbism. The eighteenth 
had spent only the three summer months at 
home during the past four years. 
SYMPTOMATOLOGY 

The symptomatology in poisoning due to 
lead inhalation is identical with that due to 
lead ingestion."* The early symptoms are 
gastrointestinal—loss of appetite, vomiting, 
constipation, and abdominal cramps. The 
cramps have occasionally led to explora- 
tory laparotomy in cases of acute poison- 
ing. Persistent and more severe poisoning 
frequently leads to peripheral neuritis and 
palsy in adults; in children, occasionally. 
Symptoms due to anemia are usual in both, 
but the most dangerous manifestation of 
plumbism is meningo-encephalitis, frequent 
in children, comparatively rare in adults. 
From ingested lead, the incidence is highest 
in spring and summer because the vitamin 
D producing action of sunlight increases 
absorption of ingested lead as well as 
calcium.'? There is no seasonal incidence 
from inhaled lead. This serious develop- 
ment is marked by more persistent, pro- 
jectile vomiting, by change in the victim’s 
mental state—irritability, lethargy, etc.— 
by visual disturbances, and by alterations 
in pulse and respiratory rates. These initial 
symptoms are followed by delirium, stupor, 
coma, elevated blood pressure, choked 
optic discs, convulsions, and separation of 
the cranial sutures. If the patient survives, 
cortical and optic atrophy are frequent 
sequelae. 

Since there is no specific treatment for 
lead encephalitis, recognition of plumbism 
in an earlier stage is the only means of pre- 
venting permanent central nervous system 
damage and fatalities. 


DIAGNOSIS 


The diagnosis of lead poisoning rests on 
the same findings, whether the metal is in- 
gested or inhaled. 

Encephalitis with a history of preceding 
gastrointestinal disturbances should arouse 
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suspicion. Instances have been reported in 
which children have had exploratory crani- 
otomies with a preoperative diagnosis of 
central brain tumor, a postoperative diag- 
nosis of serous arachnoiditis—and a final 
diagnosis of lead poisoning.® 

Anemia is a fairly constant finding but of 
course not diagnostic. Basophilic stippling 
of the red blood cells is neither diagnostic 
nor constant, but is frequent during acute 
plumbism and during flare-ups due to in- 
fections. Stippling in large numbers of red 
cells is usually due to lead poisoning. 

Lead lines in the gum margins are fre- 
quently found in adults, in children seldom. 
On the other hand, in children, black de- 
posits on the necks of the teeth are fre- 
quent.” 

Lead may be identified by spectroscopic 
examination of blood and spinal fluid. 
Quantitative determination of the amount 
of lead in the urine and stools is sometimes 
helpful, especially in adults who do not 
exhibit roentgenographic evidence. The 
vast majority of people have a little lead in 
their systems all the time. Since lead in the 
feces in indeterminate percentage simply 
passes through the intestinal tract without 
having been absorbed and excreted, quanti- 
tative analysis of the urine is more in- 
formative. Excretion of 0.05 to 0.1 mg. of 
lead daily in the urine is considered within 
limits of normal.? 

But in children, the single most valuable 
diagnostic procedure, the quickest, the 
most reliable, and the easiest is roentgeno- 
graphic examination of the skeleton. 


ACTION OF LEAD IN THE BODY 


Before describing the roentgen findings, 
the effect of excessive absorption of lead 
should be briefly reviewed.?*:!*:2° Whether 
absorbed from the lungs or intestinal tract, 
lead is conveyed in the blood either as a 
highly dispersed, colloidal, insoluble tri- 
phosphate or as a soluble diphosphate, to 
all the tissues. Anemia is due to actual 
destruction of red blood cells. Deposit of 
insoluble lead phosphate on the surface of 
the cells alters their colloidal state. They 
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shrink, become brittle, and are quickly 
broken up. Lead deposited on the surface 
of reticulocytes produces clumping of the 
basoph lic substance in the cytoplasm, 
which is seen as stippling. 

The lactic acid in fatigued muscle cells 
leads to fixation of lead on the cell surfaces 
in a complex chemical reaction which is not 
clearly understood. The resultant damage, 
depending on its degree, is primarily re- 
sponsible for peripheral neuritis in lead 
poisoning. Pathologica: changes are found 
in the nerves supplying the muscles, but 
the primary damage seems to be in the 
muscles themselves. The most used muscles 
are most often affected because they pro- 
duce the most lactic acid. 

In the brain, persistent high concentra- 
tion of lead salts in the blood stream pro- 
duces an intense meningeal irritation and 
cerebral edema. If the ischemia induced by 
the edema lasts long enough to devitalize 
many cells, cortical and optic atrophy fol- 
low. The mechanism of the effect of lead 
on the meninges and cerebrum is not clear. 
Injection of lead salts into the brains of 
animals produces only focal necrosis, but 
injection into the cerebrospinal fluid 
through cisternal punctures produces en- 
cephalitis. 

Hydrogen sulphide, released from decay- 
ing protein between the teeth or from de- 
caying gum tissue in the presence of pyor- 
rhea, combines with lead salts to produce 
lead suphide deposits on the teeth or fine 
subepithelial deposits in the gum margins. 

The mechanism of the action of lead on 
the intestinal tract is not understood. All 
that is known is that the motility of smooth 
muscle is diminished while the tone is in- 
creased. Constipation and intense spasm of 
both large and small bowel result. 

Lead absorbed from the respiratory 
tract, intestinal tract or skin and mucous 
membranes is diffused through the body by 
the blood stream, but the lead absorbed 
from the intestinal tract has first to get 
through the liver. A large percentage of 
lead in the portal circulation is excreted by 
the liver in bile. After entering the general 
circulation, some of the lead is excreted by 
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kidneys and liver, the rest follows the 
calcium stream, and in a few days, the 
blood is free of lead, all of it having been 
excreted or stored in the skeleton, as tri- 
lead phosphate. In bone it is harmless, 
Lead and calcium are utilized by bone in- 
terchangeably. If a lead solution of known 
concentration is pumped over crushed bone, 
analysis of the filtrate shows absorption of 
lead and release of a proportionate amount 
of calcium. 


ROENTGEN EVIDENCE OF PLUMBISM 


In the winter of 1930-1931, Vogt and 
Park reported consistently finding, in cases 
of clinical lead poisoning in young children, 
homogeneous metaphyseal densities.'* The 
zones of increased density varied in width 
up to about 0.5 cm., and the width and 
density was in proportion to the length and 
intensity of exposure to lead. The zones 
were clearly defined and sometimes double 
zones were present. Where bone growth was 
most active, in the ends of the long bones, 
at the anterior ends of the ribs, and in the 
iliac crests, the metaphyseal densities were 
most marked. No other bone changes were 
noted, except separation of the cra: ial 
sutures in cases complicated by encephali- 
tis. Parks, describing the autopsy findings 
in a fatal case of plumbism, noted hyper- 
plasia and crowding of the trabeculae in 
the zones of increased density.'! Chemical 
analysis of various portions of the bones 
showed, according to Aub, a concentration 
of lead in the dense zones four times as 
great as in the mid-cortex. These two fac- 
tors, crowding of the trabeculae and lead 
concentration, were accepted as _ respon- 
sible for the roentgen appearance. Caftey® 
confirmed these findings in a report of a 
postmortem of a child who died of lead 
encephalitis. In poisoned growing dogs, he 
found that chemical analysis showed lead 
throughout the bones but much _ higher 
concentration in these zones of increased 
density, a concentration which could not 
be produced in adult dogs. Caffey® and 
Vogt®’ described resolution of these zones 
after cessation of exposure to lead. As the 
extremities increase in length, the zones are 
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seen to become broader and less dense, 
sometimes eventually fading entirely, some- 
times leaving fine dense transverse lines 
in the diaphyses and fine dense rings in the 
epiphyseal centers of ossification and in the 
carpal bones. 

With cessation of lead absorption, the 
lead in the skeleton is slowly released, in 
the normal course of events, into the blood 
stream, just as is calcium, where it is 
partly excreted and partly redeposited in 
bone. In children, partial reconcentration 
in the metaphyses leads to the widening 
and diminished density of the white zones. 
Too rapid deleading or acidosis secondary 
to infections results in high enough blood 
concentrations to produce clinical symp- 
toms of plumbism again. This and episodes 
of fresh lead absorption presumably pro- 
duce double zones of density. 

Zones of increased density in the meta- 
physes are produced by conditions other 
than plumbism. 

1. Sometimes normal metaphyses are 
calcified more heavily than the average. 

2. Inorganic phosphorus produces _in- 
creased density at the ends of the diaphyses 
by causing multiplication and crowding of 
the developing trabeculae.” When yellow 
phosphorus was used in the treatment of 
rickets, the condition was relatively fre- 
quently encountered, developing after 
about five weeks of such treatment. Usu- 
ally the zones of abnormal density are 
wider than “‘lead lines,” extending beyond 
the metaphyses, and prominent bands are 
seen in the center of ossification of the 
epiphyses as well as in the ends of the 
diaphyses. 

3. Bismuth produces the same changes 
in children’s skeletons as does lead. Bis- 
muth lines are usually acquired during fetal 
life as a result of antiluetic treatment of 
the mother. Lead lines are usually more 
prominent and more dense.* 

4. Abnormal metaphyseal densities have 
been observed in infants deficient in 
vitamin A, suffering from nutritional dis- 
turbances of unknown etiology, from bac- 
teriemia, from hematogenous, dissemi- 
nated tuberculosis, and from erythro- 
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blastosis fetalis. A more common cause of 
transverse metaphyseal densities is con- 
genital syphilis.* The history and clinical 
findings in all these conditions ordinarily 
offer ready differentiation from plumbism. 
Also, the bone changes in these conditions 
are found in very young infants. Skeletal 
changes in Japanese infants nursing lead 
poisoned mothers are reported as appearing 
at the age of five or six months.” Two 
three month old infants in the group which 
is the subject of this report showed other 
evidence of plumbism but no roentgen 
changes. 

5. In the presence of active rickets and 
lead poisoning, deposition of lead in the 
metaphyses, as well as of calcium, cannot 
take place, and the “lead lines” therefore 
do not develop.’ In healing rickets, when 
calcium is being laid down rapidly in the 
ends of the diaphyses, recognition of lead 
deposit may be difficult. In healed rickets, 
the density of the metaphyses simulates 
saturnism, but the other bone changes, 
flared metaphyses, bowed shafts, cortical 
thickening on the concave side of the 
bowed bones, are not produced by lead 
poisoning. 

6. The dense lines seen in scurvy at the 
cartilage-bone junctions are narrower than 
“lead lines,” and scurvy produces other 
characteristic changes. 

7. In very young children, three years 
old and under, the earliest manifestation of 
marble bones is metaphyseal density which 
cannot be differentiated roentgenologically 
from “‘lead lines.” 

The diagnosis of lead poisoning cannot 
be made without confirmation from the 
history and clinical findings, but in children 
metaphyseal densities in the most actively 
growing bones are the most consistent and 
reliable evidence available. 

The epidemic which is the occasion for 
this report was discovered because one of 
the victims was roentgenographed. Until 
then, lead poisoning had not been con- 
sidered. 

A white child, aged eighteen months, was 
referred to the pediatric out-patient depart- 
ment with the following history: He had been 
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Fic. 1. Case 14. No roentgen changes but stippled 
red blood cells in a three months old infant. 


in good health until eleven months of age when, 
in a period of twenty-four hours, to the ac- 
companiment of persistent, violent vomiting, 
he had ten convulsions. During the succeeding 
week, nausea and vomiting persisted. Convul- 
sions recurred, and he was hospitalized with a 
diagnosis of intestinal influenza and increased 
intracranial pressure. Put on a sulfa drug, 
improvement was rapid, and he was discharged 
in thirteen days. Between that time and refer- 
ral, two attacks of tonsillitis were accompanied 
by convulsions. One week before being referred, 
the child began dragging his right foot, and the 
néck and back became stiff. Examination in the 
pediatric clinic revealed dirty deposits on the 
teeth, hypertrophied, infected tonsils, a stiff 
neck and back, and partial flexion of the right 
leg. Motion was limited and painful. Roentgen 
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examination of the spine was requested, “diag. 
nosis deferred’’. The pelvis was included on the 
roentgenograms. A zone of sharply increased 
bone density 4 mm. wide was observed in the 
metaphyses of the iliac crests and upper ends 
of the femurs, paralleled by a very narrow zone 
of similar density. Examination of the rest of 
the skeleton showed metaphyseal densities jn 
all the long bones, and in most of them, the 
narrower parallel shadow higher up the dia- 
physes. The cranial sutures were separated A 
blood smear revealed large numbers of stippled 
red blood cells. 

On further questioning of the mother, it was 
found that the child had no abnormal appe- 
tites, and there was no history of gastrointesti- 
nal disturbances other than the nausea and 
vomiting accompanying the convulsions. But 
the family had used discarded battery casings 
for fuel consistently for between two and three 
years. The family lived in a marginal settlement 
on the outskirts of town, and all the families 
in this neighborhood had used the casings in 
varying amounts. A large junk yard nearby, 
after salvaging the lead plates from old bat- 
teries, sold the discarded casings at a minimal 
cost and sometimes gave them away. The 
smoke from the casings was heavy and had a 
disagreeable odor, but wood and coal had been 
scarce and expensive since shortly after the 
beginning of the war. 

This family’s home was typical of the neigh- 
borhood. A fire was kept going in the kitchen 
cook stove the year round, for cooking, heating 
water, and heating the house. Several of the 
houses had oil stoves in a bedroom, most did 
not. The firebox in the cook stoves was directly 
beneath the lids. Even when closed, some 
smoke leaked from the fire box and flue, and of 
course, whenever the door to the fire box was 
opened or a lid lifted, large amounts of smoke 
entered the room. In bad weather, the family 
spent most of its time in the kitchen, the only 
warm room in the house. But the odor of burn- 
ing batteries was heavy out of doors as well as 
in, especially on still, damp days. 


At the request of the pediatric and 
roentgen departments, welfare workers 
persuaded most of the families in the 
neighborhood to allow their children to be 
examined. Significant findings are sum- 
marized in the accompanying table and 
chart. All the families examined were 
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white. The two which refused were colored. 
All were of low intelligence, suspicious, and 
reluctant to answer questions, apparently 
being fearful of punishment because of 
their use of the casings. Despite reas- 
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genograms illustrate the varying degrees 
of bone changes found. 


Noteworthy were the following findings: 
1. Out of 19 patients examined, whose 


ages ranged from three months to twenty 


¢ 


Fic. 2. Case 2. One plus roentgen changes. A zone of abnormal density 2 mm. wide in the lower femoral 
metaphysis, a dense zone in the distal radial metaphysis, and barely demonstrable density in the edge of 
the iliac crest, the upper femoral, upper tibial and upper fibular metaphyses. 


surances on that score, their stories were 
contradictory. Some admitted use of the 
batteries only when confronted with testi- 
mony of neighbors. While some of the de- 
tails are probably incorrect, the general 
picture is accurate. Reproductions of roent- 


years, only 4 showed no abnormal meta- 
physeal densities on roentgen examination. 

Case 15, a twenty year old girl, was roent- 
genographed to see whether lead deposits 
could be recognized along recently fused 
epiphyseal lines. Either the rate of growth 
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Fic. 3. Case 11. Two plus roentgen changes. A zone of abnormal density 5 mm. wide in lower femoral meta- 
physis, definite shadows in the other metaphyses. The cranial sutures are a little loose and the convolu- 
tional markings are unusually prominent. The patient had episodes of headaches and vomiting. 


during exposure was too slow to concentrate 
lead in recognizable quantity, or fusion 


had been followed quickly by redistribu-_ 


tion of metaphyseal lead and calcium. 
Case 8 was a seventeen year old girl who 
had spent only three months out of each 
year at home for four years. If the adults in 
the neighborhood were truthful, the casings 
had been in use for three years. At the time 
of examination, she had been at home for 


three weeks after nine month’s absence. 
The other 2 cases, Case 14 and 18, were 
infants three months old. Because of exten- 
sive use of large amounts of white lead 
cosmetics, the Japanese have probably had 
the largest experience with infantile lead 
poisoning. Kasahara” reports toxic symp- 
toms appearing at about six months from 
ingestion of lead-containing breast milk. 
Toxicity from inhalation should develop 
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more promptly. Case 18 in this group de- 
veloped gastrointestinal upsets in one 
month, Case 14 showed red blood cell 
stippling (2 per 5,000) when examined. No 
skeletal deposits were demonstrable. Ap- 
parently, even from lead inhalation, recog- 
nizable metaphyseal deposits will not ap- 
pear until after more than three months of 
exposure. 

2. In general, the younger the child, the 
more prominent were the skeletal deposits. 

3. In this group, there was a surprising 
absence of gastrointestinal disturbance, 
which is usually a consistent and early oc- 
currence in lead poisoning. The intelligence 
of these families was such that it seems 
probable that minor upsets had gone un- 
noticed. 

4. There was no close correlation be- 
tween the prominence of the skeletal de- 
posits and appearance of toxic symptoms. 
The latter seemed to be largely a matter of 
individual idiosyncrasy, some children tol- 
erating the poison better than others. 

There was a definite history of toxicity 
in Cases 10 and 11, with only 2+ roentgen 
changes, while in all 5 cases showing 3+ 
changes, no history of toxicity could be 
discovered. 

Of the 2 three months old infants, Case 
14, probably exposed to larger amounts of 
lead and showing 1+red blood cell stip- 
pling, was free of symptoms, while Case 18, 
with no stippling, had suffered from gastro- 
intestinal symptoms for two months. 

Case 7, the first patient, had suffered 
from a lead meningo-encephalopathy for 
seven months, with 4+ roentgen changes. 
Case 13, also with 4+ changes, showed a 
little widening of the sutures and gave a 
history of muscular pain on strenuous 
exercise for a year, but had suffered no con- 
vulsions. 

5. There was a close correlation between 
the intensity of the lead sulphide stain on 
the teeth and the prominence of the roent- 
gen changes. The two were graded by differ- 
ent examiners. The stains were confined 
almost entirely to the necks of the incisors, 
particularly the upper incisors. In this 
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Fic. 4. Case 6. Three plus roentgen changes. Prom- 
inent metaphyseal densities and multiple fine, 
parallel diaphyseal densities. 


group, the stains offered almost as accurate 
a diagnosis as did the metaphyseal density. 
Cases 3 and 9 showed 1+ roentgen changes 
with no dental deposits. 

The teeth of Case 7 were roentgeno- 
graphed but no abnormalities were demon- 
strable. 

No lead lines were found in the gums of 
any of these patients. 

Kasahara” reported that lead sulphide 
stains were found consistently in the necks 
of the teeth of poisoned Japanese nurslings. 

6. Red blood cell stippling was of little 
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Fic. 5, 4 and B. Case 7. Four plus roentgen changes. Very prominent densities in all metaphyses with finer, 
parallel diaphyseal densities; peripheral density in carpal ossification centers, loosening of cranial sutures. 


diagnostic assistance. Negative findings 
were of no significance. 

7. Burning of battery casings was dan- 
gerous to neighbors as well as those in the 
home. The children in Houses 1 and Iv 
probably inhaled more lead out of doors in 
the smoke from their neighbors’ stoves than 
in their own homes. 

8. Chest roentgenograms of these pa- 
tients showed no abnormalities in the 
lungs. 


CONCLUSIONS 


1. Until the disposal of discarded battery 
casings is regulated by law, outbreaks of 


inhalation lead poisoning will continue to 
occur. In spite of the disagreeable odor of 
the burning casings, in times of economic 
distress and fuel shortage they will be used 
for fuel. 

2. Whether absorption of lead is from 
the respiratory or gastrointestinal tracts, 
the roentgen changes are identical. 

3. Roentgenographic evidence of skeletal 
deposits, even with daily absorption of 
abnormal amounts of lead, does not appear 
in less than three months from inhalation 
poisoning. The time should be longer in 
cases of lead ingestion—probably about six 
months. Toxicity may precede demon- 
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Used casings fre- 
quently but not con- | 
stantly during past | 


| 


Roentgen! {Red Blood! 
Case | Sex Age Ch Stains on Cell Comments 
No. anges | Teeth |Stipplin 
ppling 
House No. 1. I F | 1 yr 1+ I+ ° | Latent and past history negative. 
Used casings occa- 2 M 10 yr 1+ None ° Latent and past history negative. 
sionally, about a 3 F 4 yr. 2+ 2+ ° Latent and past history negative. 
month out of the 
year for several 
years 
House No. 11. 4 M 10 yr 2+ 3+ ro) Latent and past history negative. 
Used casings con- 5 M 7 yr. 3+ 3+ ° Latent and past history negative. 
stantly for at least 6 4 3+ 2+ and past history negative. 
three years 7 | M 1S mo 4+ 4+ 4+ Original patient. 
House No. 111. 8 F 17 yr None None ° In school for deaf and dumb g months out of year 
Used casings con- for 4 years, home only for 3 summer months. 
stantly for at least |g | | 14 yr i+ None ) In school for deaf and dumb 9 months returned 
three years | home 3 weeks previously. Latent and past history 
negative. 
1o | M 12 yr 2+ 2+ ° For past 2 years frequent episodes nausea, vomiting 
| and headaches. 
1 | F gyr. | 2+ 2+ 3t For past 2 years frequent episodes nausea, vomiting 
| and headaches. Cranial sutures a little wide. 
12 | F Syr 3+ 3+ 4+ Latent and past history negative. 
13 F zyr 4+ 3+ 2 For past year, when running, often stops, cries be- 
cause legs ache. Cranial sutures a little wide. 
14 | F 3 mo None I+ No symptomatology. 
House No. tv. 1s | F | 20yr None | None ° Boarder in home for 5 years. 
Used casings very | 16 F | ovr I+ I+ ° Latent and past history negative. 
seldom, about one | 17 F | 3yr. 3+ 2+ re) Latent and past history negative. 
week two or three | 
times in past three | 
years | | | 
House No. v. | 
Refused examination | 
House No. v1. 18 | F 3mo. | None At 1 month began vomiting feedings; continues to 
Used casings occas- do so, hungry and crying all the time. Father 
sionally, about a | works at night, mother and baby spend nights in 
month out of each House 111 where casings used constantly. 
year for past three | | | 
years 
House No. vu. | 
Refused examination | | 
House No, 19 | F 4gyr. 3+ 3r Latent and past history negative. 
| 


winter months | 


A few of the older children in these households were not examined. A young childin one of the households which refused examination 
died of convulsions of unknown etiology during the period that the batteries were in use. The neighbors stated that the batteries were 


used constantly in these two households. 


strable skeletal changes. 

4. Gray or black stains on the necks of 
the teeth of children, especially the upper 
incisors, should arouse suspicion of lead 
poisoning. 

5. In the presence of such stains, of 
evidence of increased intracranial pressure 


or meningeal irritation of uncertain etiol- 
ogy, of gastrointestinal disturbance of un- 
certain etiology, or of obscure muscular 
pains or weakness, the skeleton of children 
should be examined roentgenographically. 


University Hospital 
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SOFT TISSUE CHANGES IN EARLY 
ACUTE OSTEOMYELITIS* 


Ry GEORGE J. BAYLIN, M.D., and JOHN C. GLENN, JR., M.D. 


DURHAM, NORTH CAROLINA 


HERE is such unanimity of opinion 

regarding the statement that in acute 
osteomyelitis there are no roentgen changes 
until the tenth to fourteenth day of the 
disease that it would appear unwise to offer 
any rebuttal; yet our experiences during the 
past few years are such that we feel justified 
in recording certain findings which are 
contrary to the usually accepted data. 

During the routine roentgen studies of 
acute osteomyelitis the emphasis has al- 
ways been on the bone lesions, so that other 
significant changes have received scant at- 
tention. These changes are manifest in the 
soft parts surrounding the involved bones 
and are at times present within a matter 
of hours after the onset of bone infection. 
The usual roentgenograms of the bone are 
of little value in determining the presence 
of soft tissue changes because the detail 
of the soft parts is most often obliterated. 
However, even roentgenograms made ex- 
pressly for bone detail when viewed with 
a spotlight will frequently reveal evidences 
of soft tissue abnormalities. 

The most consistent change in early ac- 
tive osteomyelitis is a roughening of the 
normally sharp line of demarcation be- 
tween the subcutaneous shadow and the 
muscle bundles. Concomitant with this 
change is another important abnormality, 
namely, the tendency to obliteration of the 
intermuscular cleavage planes (Fig. 1). The 
usual normal subject will show a very clear- 
cut change roentgenographically at the 
muscle-subcutaneous line, but in acute 
osteomyelitis there is regularly present 
within twenty-four hours considerable dis- 
tortion at this stripe, characterized chiefly 
by transverse irregular lines of increased 
density extending from the muscle borders 
into the subcutaneous shadows. These lines 


are not particularly straight or regular in 
length or width, but seem to produce a 
crisscross pattern that suggests they may 
be vascular and lymphatic channels that 
have become patent or dilated. Apparently 
a similar change occurs in the usually clear- 
cut intermuscular planes that normally 
stand out as lines of decreased density, for 
in most cases of early acute osteomyelitis 
it is very difficult to separate the muscle 
compartments. 

The changes described are obviously not 
of the same degree in every case and may 
actually vary both with the severity and 
the duration of the disease. Of special in- 
terest is that they may actually be evident 
in the roentgenogram even in the absence 
of clinical evidence of tissue swelling, al- 
though after the first forty-eight hours 
there is usually both clinical and roentgen 
evidence of enlargement of the soft parts. 
Perhaps the first rcentgen changes are an 
expression of tissue edema that is sub- 
clinical. 

The most important fact concerning the 
changes under discussion is their distri- 
bution in the tissues. All of our cases, which 
showed these early soft part abnormalities, 
revealed that they extended throughout 
the tissues along the length of the bone in- 
volved. In other words, when the upper end 
or any part of the femur was the seat of 
infection the soft parts along the entire 
length of the bone on the lateral, medial, 
anterior and posterior aspects reflected the 
changes (Fig. 1). The abnormality does not 
tend to pass beyond the joints unless the 


- joints themselves are likewise involved. 


When there is evidence of periosteal re- 
action with a break in the cortex the 
changes in the soft parts tend to regress 
(Fig. 2), but of course may be manifested 


* From the Department of Radiology, Duke University School of Medicine and Duke Hospital, Durham, North Carolina. 
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Fic. 1. 4, soft tissue detail showing the irregular pattern in the subcutaneous tissues with obliteration of the 
musculosubcutaneous stripe and the intermuscular septa. Note the distribution throughout the soft parts. 
No bone changes. Forty-eight hours after onset of symptoms. B, subperiosteal calcification is now evident 
and the soft part changes have subsided greatly. 


Fic. 2. 4, soft tissue swelling and loss of tissue planes. No bone changes. B, normal soft tissue lines 
visible after there is obvious bone involvement. 
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Fic. 3. Soft tissue swelling over the lateral malleolus. 
Note the localization and absence of diffuse soft 
part changes. The musculocutaneous stripe is 
sharp except immediately above the local swelling. 


in those cases which go on to the chronic 
stage. 

In an effort to evaluate the significance 
of these tissue abnormalities we made 
studies of other conditions which might be 
expected to produce a similar picture. For 
this purpose we compared cases of acute 
osteomyelitis with acute sprains, soft part 
abscesses, tumors of both bone and soft 
tissues, blood dyscrasias with extravasation 
and edema of varied origins. In general, the 
main difference was the one of distribution 
and extent. A sprain shows localized 
swelling of the surrounding parts, with 
variable extension above and below of the 
crisscross pattern, but rarely an extension 
along the entire shaft of the bone (Fig. 3). 
Soft tissue abscesses do likewise (Fig. 4 
and 5). Tumors also present a localized soft 
tissue density of varying size with but mini- 
mal extension of stroma changes that 
obliterate normal lines of demarcation 
(Fig. 6). Extravasation of blood or edema 
produces a picture indistinguishable in 
character from that seen in acute osteomye- 
litis, but usually the distribution is quite 
different in that the changes cross the joints 
and often extend along an entire extremity 


(Fig. 7). 
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The type of soft part change under dis- 
cussion seems to have been signally ignored 
and very few references to it can be found. 
Ferguson‘ in his monograph on bone dis- 
eases describes them, but such recent books 
as those by Caffey,® Archer,! and Brails- 
ford? fail even to mention them and in fact 
stress the point that in early acute osteo- 
myelitis there are no roentgen changes 
under ten to fourteen days. 

The fact that soft tissue changes are 
manifested early raises an important point 
concerning the proper manner of studying 
each suspected case. In our opinion the part 
in question must be studied both for bone 
and soft part detail. Only in this way will 
the important early alterations be recog- 
nized. For a complete study we feel it is 
wise to roentgenograph the corresponding 
normal part in the same manner so that the 
known normal tissues can be used for com- 
parison. The time and effort spent will 
often be well rewarded. 


Fic. 4. This demonstrates a soft tissue abscess at 
lower anteromedial aspect of the leg. The swelling 
is localized and there is no diffuse soft tissue ab- 
normality. 
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The chief factor concerned in the pro- 
duction of the soft tissue changes described 
is perhaps the increase of pressure within 
the marrow cavity incident to infection. 
This rise in pressure is transmitted through- 
out the rigidly confined space to the haver- 
sian systems and thence to the surrounding 
tissues. As a result, there is apparently 
some mechanical effect on both the vas- 
cular and lymphatic systems which leads 
to the dilatation of vessels and the opening 
of many otherwise only potentially patent 
channels. Along with this alteration in the 
vascular and lymphatic pattern, there is 
some edema of the muscles and the sur- 
rounding stroma. Both of these factors may 
play a significant role in producing the 
roentgen picture. The degree of change is 
very likely proportional to the extent and 
severity of the initial infection. Another 
possible explanation is that the toxic 
products of infection induce the local soft 
tissue abnormalities. 

That an increase in intra-osseous pres- 


Fic. 5. A comparison of left and right legs, showing a 
soft part abscess above the medial aspect of the left 
ankle. Note the criss-cross pattern at the abscess 
site; the change is not widespread. Right side 
normal, 
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Fic. 6. A soft tissue roentgenogram showing a 
localized mass in patient with osteogenic sarcoma. 
There are no widespread tissue changes. 


sure occurs in osteomyelitis was shown by 
Hedri®> in experiments designed to deter- 
mine why cases of acute bone infection 
manifest a definite lipuria early in the dis- 
ease. He concluded that when the pressures 
in the shaft rose above a certain height the 
fat in the marrow was actually forced into 
the veins, thus eventually reaching the 
urine. He states that the test for fat in the 
urine is extremely helpful in the early diag- 
nosis of acute osteomyelitis. Of interest in 
this work is the finding that if the infection 
escapes from the marrow cavity into the 
subperiosteal space, then lipuria is not usu- 
ally found. This would seem to coincide 
with our observation that the soft tissue 
changes as seen in the roentgenograms tend 
to regress when there is evidence of peri- 
osteal elevation or a cortical break and per- 
haps indicates that the release of the high 
intra-osseous pressure is responsible for the 
disappearance of lipuria as well as the soft 
tissue abnormalities. 

Ferguson! states that perhaps the 
earliest change in acute osteomyelitis is the 
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Fic. 7, 4 and B. Roentgenograms showing widespread soft tissue changes in a child with a blood dyscrasia. 
Changes were due to extravasation of blood into the soft tissue of right arm and shoulder and the lower 


extremities. 


one that occurs within the bone itself and 
produces a localized abnormality at the site 
of the infection. The presence of infection 
in bone results in inflammation of the soft 
parts of the marrow cavity so that a local 
obliteration of trabeculae takes place pro- 
ducing a picture of haziness at the site of 
the lesion. We have ourselves observed this 
particular finding but caution that it is 
extremely difficult to evaluate and very 
often impossible to demonstrate unequivo- 
cally on the roentgenograms. This type of 
change does not lend itself well to repro- 
duction, so that we have not attempted 
any illustrations showing it. 

To say that every case of acute osteo- 
myelitis will show early soft tissue change 
would be unjustified. Moreover, to state 
that the changes when present are pathog- 
nomonic would be presumptuous, yet we 
feel strongly that if each suspected case of 
acute osteomyelitis is studied thoroughly 
and properly the roentgen pattern will of- 
ten be of invaluable aid in arriving at the 
correct diagnosis. 

The changes discussed have been mani- 


fested primarily in children, yet on several 
occasions they have been noted in adults. 
The soft parts in children can be demon- 
strated more easily than in the adult, but 
if the proper technique is employed there 
is usually little difficulty in securing 
roentgenograms of satisfactory detail. How- 
ever, it must be stressed that unless the 
soft parts are specifically studied the 


changes are apt to be completely over- 
looked. 


CONCLUSIONS 


1. The soft tissues surrounding the in- 
volved bone in acute osteomyelitis fre- 
quently show characteristic rcentgeno- 
graphic changes. 

2. The changes are manifested as lines of 
increased density in the subcutaneous tis- 
sues, loss of the sharply demarcated sub- 
cutaneous muscular stripe, and loss of the 
usual intermuscular shadows. 

3. The soft part changes are manifested 
early in the disease, sometimes appearing 
within twenty-four hours after the onset of 
symptoms. 
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4. Each case of suspected osteomyelitis - 2- Braitsrorp, J. F. Radiology of Bones and Joints. 


should have bone and soft tissue rcentgen Williams and Wilkins Co., Baltimore, 1945, pp. 
370-371. 
studies. 3. Carrey, J. Pediatric X-Ray Diagnosis. Year 
a Book Publishers, Chicago, 1945, p. 664. 
nad ey: 4. Fercuson, A. B. Roentgen Diagnosis of the Ex- 
tremities and Spine. Ann. Roentgenol., Vol. 
nerenitees xvul. Paul B. Hoeber, Inc., New York, 1941, 
p. 72. 
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ROENTGEN EVALUATION OF LESIONS 
OF THE CARPUS* 
By CAPTAIN F. F. RUZICKA and G. W. HEUBLEIN, M.D. 


MEDICAL CORPS, ARMY OF THE UNITED STATES 


the past three years the num- 
ber of roentgen examinations of the 
wrist at the Percy Jones General Hospital 
has shown a gradual upward trend. In 1943 
an average of 14.4 were examined each 
month. During 1944 an average of 21.5 
were examined, and in 1945 an average of 
33-1 were seen. Since many interesting 
lesions have been observed, it was decided 
to present some of them in this paper. 

Our experience with wrist injuries indi- 
cates carpal fractures in soldiers are more 
frequent than those of the distal radius. 
This is mainly because our patients fall in 
the younger group (twenty to forty years), 
when fractures of the navicular are most 
common. With well developed forearm 
musculature, as most often is the case in 
soldiers, a fall on the heel of the hand does 
not force the wrist into extreme hyper- 
extension, but only partial hyperextension, 
so that the radius remains intact while the 
navicular bears the brunt of the force. The 
predominance of navicular over Colles’ 
fractures in military life has been recently 
noted by Obletz,” and by Finn and Palm- 
berg.® 


ROENTGEN TECHNIQUE 


Before considering the anatomy of the 
carpus and the roentgen findings in lesions 
of the wrist, a brief description of the 
roentgen technique employed at the Percy 
Jones General Hospital in examination of 
extremities will be described. This tech- 
nique employs the Morgan-Hodges photo- 
timer used in combination with a cardboard 
folder and Bucky device. The use of thé 
Morgan meter in this department has been 
previously described.1 This meter takes 
advantage of the fact that all properly 
exposed roentgen films are of an average 
density of 0.9 in the diagnostic range, as 


* From Percy Jones General Hospital, Battle Creek, Michigan. 


read on a densitometer. This is true re- 
gardless of the part examined. The Mor- 
gan-Hodges phototimer performs the entire 
procedure in one exposure, embodying the 
advantages of the meter but avoiding the 
double exposure necessary with it. The 
operation of the phototimer is best ex- 
plained by referring to Figure 14. It will 
be seen that the phototimer consists of a 
phototube, P, and a small segment of 
fluorescent screen. As recently pointed out 
by Morgan,'*!* the phototube-screen as- 
sembly is mounted below the Bucky tray 
of the roentgenographic table and is con- 
nected to a condenser-thyratron-relay sys- 
tem, indicated respectively by the letters 
C, T and Re. With closure of the switch, 
Sw, the roentgen tube at 4 is energized. 
The beam of rays now passes through the 
part to be examined, B, striking the film, 
F, and impinging almost immediately on 
the phototube-screen assembly. As the film 
is exposed, a small current reaches the 
phototube and collects on C, the condenser. 
When the voltage in this condenser reaches 
a certain predetermined critical level, the 
thyratron, or gas-filled triode tube, fires, 
energizing the relay, Re, thus terminating 
the roentgen exposure. 

Recent publications of the University of 
Chicago group®!718-!8 have shown us that 
the amount of current flowing in the photo- 
tube is directly proportional to the inten- 
sity or brightness of the roentgen beam. 
Thus, when the thickness of the part is 
great, the phototube current is small and 
the exposure time relatively long. On the 
other hand, when the thickness of the part 
is small the brightness or intensity of the 
roentgen-ray beam falling on the phototube 
is correspondingly increased, so that the 
phototube current is high and the exposure 
time relatively short. It thus appears that 
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« reaction of the phototimer is 
identical to that of radiographic film, and 
all that is necessary to insure optimally 
exposed roentgenograms is to adjust the 


A 
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grid. Examples of the variation in time of 
exposure as determined automatically by 
the phototimer in relation to the thickness of 
the part examined, are shown in Figure 1B. 


% X-ray Machine 


Sw 


Re 


Fic. 1.4. 4, roentgen tube; B, part examined; C, condenser; F, film; 7, thyratron; P, phototube; C, T, Re, 
condenser-thyratron-relay system; SW, switch. See text for explanation. 


EXTREMITIES WITH MORGAN éNODGES 
PUOTOTIMER 
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Fic. 1B. See text for explanation. 


sensitivity of the phototimer to the sensi- 
tivity of the x-ray film” (personal com- 
munication, Morgan). We have found the 
Morgan-Hodges_ phototimer practically 
fool-proof as far as examination of the 
carpus is concerned, and recommend its 
use with par-speed films and the Bucky 


ANATOMY OF THE CARPUS 


There are eight carpal bones arranged in 
proximal and distal rows, making up a 
quadrangular carpal mass (Fig. 2). Ac- 
cording to Terry,’ this mass is wider below 
than above, and concave on its volar sur- 
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face. This concavity is increased by promi- 
nences on the radial and ulnar margins, 
and stretched transversely between these 
(like the string of a bow) is the transverse 
carpal ligament, thus forming the carpal 
canal for passage of the flexor tendons and 
median nerve into the palm of the hand. 
At birth the entire carpus is cartilaginous, 
each bone developing from a single ossifi- 
cation center. Two sets of nomenclature 
are in common use. According to one sys- 
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Fic. 2. The two sets of nomenclature of the carpal 
bones. The letters on the sides of the drawing repre 
sent the first letter of each of the corresponding 
carpal bones. 


tem (I.N.A.),* the proximal bones consist 
of the scaphoid, semilunar, cuneiform and 
pisiform bones, while the other system 
(B.N.A.)+ names these bones the navjc- 
ular, the lunate, the triquetral and pisi- 
form. The distal bones, according to the 
first of the above nomenclatures, consist of 
trapezium, trapezoid, os magnum and 
unciform; while in the second group the 


* Jena Nomina Anatomica. 
+t Basle Nomina Anatomica. 
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bones are called the greater and _ lesser 
multangulars, the capitate and hamate. 

It is interesting to compare the carpus 
of amphibia to that of man (Fig. 3). As 
noted by Grant,’ the bones of the hand 


Fic. 3. Diagrammatic sketch showing similarity of 
carpus of amphibia and man. (Courtesy of Wil- 
liams & Wilkins Co. Modified from illustration 
from “Method of Anatomy”’ by J. C. B. Grant.) 
Note that the os intermedium becomes the lunate 
and the fourth and fifth distal carpal bones fuse 
to form the hamate. 


and wrist of man when compared with 
those of the water turtle are seen to possess 
a similar generalized plan. Three proximal 
carpal and five distal carpal bones are 
present in the turtle. The lunate arises 
from the os intermedium. The fusion of the 
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fourth and fifth distal bones gives rise to 
the hamate. The os centrale (there is usu- 
ally one os centrale in primates, but several 
in the turtle) fuses with the dorsum of the 
scaphoid. One of the ossa centralia may 
well give rise to the pisiform, however it 
has been also suggested that this bone is a 
sesamoid that arises in the tendon of the 
flexor carpi ulnaris. 

The navicular bone is located in the 
extreme radial position of the proximal 
row. It has ligamentous attachments to the 
lunate and capitate and is situated across 
the plane of the mid-carpal joint in such 
fashion as to take much of the strain and 
stress transmitted through this joint. Its 
blood supply is by way of ligamentous 
attachments. Since most of the bone (ap- 
proximately three-fifths) is intra-articular 
and covered with cartilage, there is little 
room for attachment of ligaments. There 
is but one artery entering the tuberosity of 
the navicular, one or more enter the body 
through the dorsal carpal ligament. A nar- 
row ridge runs obliquely around the dorsal 
surface of the navicular from the tuberosity 
on the lateral side to the proximal base 
medially. In this ridge are the foramina 
through which the blood vessels enter and 
leave.” Obletz and Halbstein,” studying 
297 cadavers, found that there was con- 
siderable variation of the nutrient vessels: 
In 13 per cent there was no arterial foramen 
proximal to the mid-waist, in 20 per cent 
there was only a single small foramen at the 
waist or proximal to it, and in 67 per cent, 
two or more foramina were located proxi- 
mal to the mid-waist. 


FRACTURES OF THE NAVICULAR 


The most common fracture of the navic- 
ular occurs at the waist, the next in 
frequency is in the proximal third and the 
last in the distal portion of the bone, or 
tubercle. In examining the navicular, in 
addition to dorsopalmar and lateral views, 
special views including oblique projections 
are often essential to place in profile the 
site of fracture. Often the fracture line 
may not be visible at first and may require 
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up to three weeks before becoming roent- 
genographically apparent. Therefore, the 
diagnosis of “‘sprain’”’ must be made cau- 
tiously, even in the absence of positive 
roentgen findings. 

Absorption or rarefying osteitis occurs 
at the fracture site in from several days to 
three weeks, making the fracture line 
prominent. Factors contributing to the 
absorption are said to be a change of pH 
to below the normal 7.4 and reactionary 
hyperemia about the fracture 
mobilization causes further demineraliza- 
tion both at the fracture site and generally 
wherever the blood supply is good. When 
a fragment retains its normal calcium con- 
tent appearing radiodense, it may be as- 
sumed that its nutrition is impaired. Such 
a roentgen appearance, Obletz states, sug- 
gests either a temporary avascularity or an 
aseptic necrosis.”* In the former, fibrous 
granulations grow across the fracture line, 
bringing along new vessels. Healing takes 
place gradually in this manner, since there 
is a complete or almost complete lack of 
periosteal callus. The fragment may remain 
quite dense for months and yet become 
revascularized and subsequently revita- 
lized. In the second instance, as often 
occurs when there is improper immobiliza- 
tion, a shearing movement of the fragments 
cuts the granulations. Fibrous tissue de- 
velops between the fragments, the bone 
margins become sclerotic and non-union 
ensues. Further changes may then occur 
in the form of aseptic necrosis, with creep- 
ing substitution by fibrous connective tis- 
sue and partial collapse of the bone. Arth- 
ritic changes invariably follow. Malalign- 
ment, angulation, or separation of the 
fragments are causes bound to contribute 
to non-union.5 

Of 16 unselected fractures of the navi- 
cular from our files (Fig. 4), there were 8 
fractures of the waist (50 per cent), 6 
fractures of the proximal third of the bone 
(37.5 per cent), and 2 fractures of the 
distal third of the bone (12.5 per cent). 
These percentages indicate approximately 
the proportions of the types of navicular 
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125 $2 CASES 


= 50% 8CASES 


7.5% Gases 


Types of Scaphoid Fracture at PIGH 


Fic. 4. Although the number of navicular fractures represented here is quite small, nevertheless these 
percentages indicate approximately the proportions of the many more navicular fractures that have 
passed through this hospital. 


Fic. 5. Non-union of the fractured navicular treated by means of bone peg operation. This operation re- 
sulted in successful bone union of the fractured scaphoid after immobilization had resulted in non-union. 
a designates the bone peg. Several amorphous densities are observed in the soft tissues at 4. These are tiny 
bone chips resulting from the operative procedure. 
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Fic. 6. This illustration demonstrates successful treatment of the fractured navicular by the bone pegging 
operation. As noted above at a the proximal fragment of the navicular shows evidence of poor nutrition. 
This navicular fracture resulted in non-union when treated by immobilization. The fracture line is indicated 
at 4. Black arrows point to the bone peg. Note that revascularization of the proximal fragment of the 
navicular bone has taken place. This injury was incurred when the patient, while performing his detail of 
breaking in horses in Guadalcanal, was thrown from horseback into a foxhole on his outstretched hands. This 
resulted in a fracture of the navicular as shown. The injury occurred on January 7, 1943. Peg graft opera- 
tion was performed April 12, 1943. 


fractures as found in this hospital. Two of other injuries of the wrist. The other 6 
the waist fractures were associated with fractures were injuries of the navicular 
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only. Treatment by immobilization usually 
resulted in satisfactory healing. In several 
cases of non-union, already established, 
bone pegging was found to be a successful 
form of treatment (Fig. 5 and 6). Arthritic 
changes developed in one of the fractures 
that showed healing by immobilization. 
There was also an increased density of the 
proximal fragment of this fracture. Another 
developed bone condensation changes of 
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anteroposterior lengthening and in time a 
proximal-distal flattening may occur. This 
type of fracture generally occurs from a 
fall on the dorsiflexed hand, but occasion- 
ally with the hand in forward flexion. It 
occurs when the direction of force is such 
that the navicular escapes and the lunate 
is squeezed between the capitate and ra- 
dius.? Three cases of fractured lunate have 
been encountered. One was a fracture 


B. 


avulsion 


ERILUNATE DISLOCATION 


Fic. 7. Two most common types of dislocations of the lunate. (Courtesy of J. B. Lippincott Co. Modified 
from Bunnell, “Surgery of the Hand.”’) 


the proximal third of the navicular even 
though the fracture line was situated more 
distally near the center of the bone. 


FRACTURES OF THE LUNATE 


Fractures of the lunate are quite rare. 
Occasionally a chip fracture of the dorsal 
tip of the lunate occurs with a dorsal 
perilunar type of dislocation of the carpus 
(Fig. 7B).8 

In the past it has been suggested that 
separate fragments of bone in this region 
are accessory ossicles, termed the “epi- 
lunate” and “hypolunate.” We feel, as 
Kienbéck® originally maintained, that 
these actually represent small avulsion 
fractures. 

The more usual type of isolated fracture 
of the lunate occurs in the mid-portion of 
the bone from the concave to the convex 
surface. In this case the deformity is best 
seen in the lateral projection. It presents 


through the superior third of the bone 
caused by gunshot wound. Healing oc- 
curred with no deformity and without 
evidence of degenerative changes. Another 
fracture through the center of the lunate 
was associated with fracture of the tri- 
quetral and pisiform (Fig. 18, c). The third 
will be discussed with dislocations of the 
lunate. | 


DISLOCATIONS OF THE LUNATE 


Dislocations of the lunate are of two 
main types (Fig. 7). The first is a luxation 
of the lunate itself, usually volarward with 
rotation of the lunate from go to 270 
degrees." Occasionally dorsal dislocation 
occurs. In some instances the lunate carries 
the proximal half of the fractured sca- 
phoid with it, or even the whole scaphoid 
bone. The second type is not a true dislo- 
cation of the lunate, but rather a perilunar 
dislocation of the carpus. In this lesion the 
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distal carpal row rides backwards and up- 
wards. There is often a chip fracture of the 
dorsal tip of the lunate, of the styloid of the 
radius or ulna, or a fracture of the navic- 
ular. When an associated fracture of the 
navicular occurs, the proximal fragment 
usually remains with the lunate, the distal 
fragment displacing with the distal carpus. 
The triquetral is also usually dislocated. 
When the latter is fixed by the end of the 
ulna with the hand in ulnar deviation, the 
triquetral remains in place and the navicu- 
lar is dislocated with the distal carpus. 

We have had 3 cases of dislocation of the 
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Fic. 84. Simple volar dislocation of the lunate bone. 
The lunate is rotated 90 degrees and indicated by 
a. Note the head of the os magnum at 4, which is 
in proper alignment with the head of the radius. 
The central arrow indicates the direction of rota- 
tion. 


Fic. 8B. Perilunate dislocation of the carpus with chip fracture of dorsal tip of lunate. This twenty year old 
private, on September 20, 1943, while negotiating an obstacle course fell from a rope on his outstretched 
left hand. A painful swollen wrist resulted. On October 16, 1943, the semilunar was removed overseas and 
the dislocation reduced. The wrist remained painful due to slight rotation of the scaphoid. He was trans- 
ferred to Percy Jones General Hospital where physiotherapy was prescribed. He was discharged improved, 
with but moderate residual limitation of motion. There was 50 per cent limitation of supination, 50/70 
restriction of palmar motion and 40/60 of dorsiflexion. The lunate bone is indicated by a; the capitate at 4. 
A chip fracture of the dorsal tip of the lunate is observed at c. 
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Fic. 9. Partial subluxation of the semilunar. This injury was incurred in December, 1943, while the patient 
participated in authorized athletics. The wrist was treated as a “sprain.”’ Because of continued complaints 
he was referred to this hospital and subsequent roentgenograms showed the partial volar (a) and ulnar 
(4) subluxation of the lunate as seen above. In March, 1944, the lunate was removed. 


lunate. One is a simple volar luxation of the 
lunate itself (Fig. 87). Another is a peri- 
lunate dislocation of the distal carpus, with 
a chip fracture of the dorsal aspect of the 
lunate (Fig. 8B), which was treated by 
removal of the semilunar with a satisfac- 
tory end result. The third case (Fig. g) is a 
volar and ulnar subluxation of the lunate 
with widening of the navicular-lunate 
joint space. This was treated by removal 


Fic. 10. When the lunate in Figure 9 was removed, 
the navicular was sutured to the capitate in an 
attempt to stabilize the wrist. However, the suture 
failed to hold and the changes seen above occurred. 
The navicular rotated so that the radial side was 
depressed and the ulnar half elevated. The head of 
the capitate moved proximally toward the radius. 
The drawing of the wrist in lateral projection 
(insert) shows well why the navicular appears 
foreshortened in the dorsopalmar view. /, os mag- 
num; 2, triquetral; 7, navicular; 4, pisiform. 
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Fic. 114. In this figure a method of stabilizing the wrist following removal of the lunate is demonstrated. 
The scaphoid is pinioned in normal position by passing a Kirschner wire proximally through the capitate 
and into the scaphoid. The patient was discharged to limited duty. This is the same case shown in Figures 
g and 10. a indicates the Kirschner wire. The navicular, in normal position, is shown at 4. Compare with 
Figure 10. The foreshortening of the navicular has been corrected. 


of the semilunar. Later, because the head 
of the capitate began to move proximally 
with undesirable rotation of the navicular 
(Fig. 10), the wrist was stabilized by 
transfixion of the navicular and the capi- 
tate with a metal pin (Fig. 11). This pro- 
cedure, advocated by McKeever,” has, in 
our opinion, proved to be most successful. 


Fic. 11B. Drawing to show operative approach to 
carpus through dorsal longitudinal incision. r, 
radius; #, navicular; c, capitate. Upper illustration 
shows abnormal dynamics of wrist due to dorsal 
rotation of the navicular, which occurred as the 
result of previous removal of the lunate. Flexion 
of the wrist is interfered with. Lower illustration 
shows method of inserting fixation pins through 
capitate after navicular is pushed back into normal 
position by means of a small curette, shown at a. 
Following arthrodesis, normal flexion of the wrist 


KIENBOCK’S DISEASE 


Another carpal lesion occasionally seen 
is Kienbéck’s semilunar malacia. Since his 


can be demonstrated. Compare foreshortened 
navicular, ”, with more normal position at 7’. Pro- 
cedure advocated by McKeever. 
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first report” in 1910, considerable contro- 
versy has taken place over the patho- 
genesis of “‘semilunar malacia” and the 
so-called similar disease of the navicular 
reported by Preiser.* Interference with 
blood supply has repeatedly been sub- 
mitted as the main cause of this condition, 
this in turn brought about by repeated 
minor traumas or a single severe injury. 
Often enough, however, no definite history 
of trauma is elicited. According to Bun- 
nell* increased pressure changes occur with- 
in the lunate and navicular in much the 
same manner as _ increased intracranial 
pressure. The reason given is that the 
proportion of the non-articular surface is 
relatively small, so that there are few 
foramina for incoming vessels, the bone 
being closely invested by cartilage. In- 
creased pressure from edema within the 
bone thus easily cuts off the blood supply 
reducing nutrition to the point where 
patchy necrosis results. This is followed 
by creeping substitution by highly vascular 
granulations which produce the lucid 
cyst-like dreas seen in the roentgenogram. 
The question has often been asked: “Is the 
fracture line primary or secondary?” We 
feel that it is usually the immediate result 
of the original compressing force; however, 
the fracture line is commonly quite fine, 
otherwise increased pressure could not be 
built up within the bone. Mouat, Wilkie 
and Harding?’ watched the progress of 
deformity of the lunate, following the 
fractured bone by repeated roentgeno- 
grams. Later histological examinations 
showed progressive degeneration with ab- 
sorption of necrotic bone and fibrous tissue 
replacement. One factor favoring fracture 
and the fracture-first theory is the presence 
of a large nutrient foramen on the radial 
surface of the lunate, as described by 
Boyd.? This foramen expands into a de- 
pression probably hollowed out for the 
attachment of a ligament. Very deep in 
some cases, this foramen may prove to be 
a source of weakness. Kienbéck’s disease 
does not, however, develop as originally 
maintained by Kienbéck following “mo- 
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mentary dorsal luxation of the hand with 
volar subluxation of the lunate.” This 
contention has been repeatedly disproved 
in recent years.** Although similar roent- 
gen changes have been described in both 
the lunate and navicular,” we have en- 
countered no cases of malacia of the navic- 
ular bone. One wonders whether the line 
of decreased density described by Preiser,” 
appearing eight or nine days after injury, 
is not merely a delayed appearance of a 
fracture line, since he does not speak of 
generalfzed changes in density or changes 
in the shape of the navicular. 

Roentgenograms of wrists affected by 
Kienbéck’s disease ordinarily reveal mot- 
tled areas of increased density with inter- 
vening cystic areas in the lunate bone. 
Such findings indicate a process of soften- 
ing. The lunate subsequently loses its 
characteristic shape. One of us (G.W.H.) 
has noted a helpful roentgen finding in this 
disease entity, namely, the dorsal pole of 
the lunate becomes flattened and projects 
over the head of the os magnum in tongue- 
like fashion, as is demonstrated in Figure 
12. In the absence of marked bone conden- 
sation change, this roentgen appearance 
should suggest further careful investigation 
of the lunate, bearing in mind the strong 
possibility of Kienbéck’s disease. In our 
series we have had 5 cases, 4 of them 
treated with satisfactory results by ex- 
cision of the lunate. The other case has 
shown progression of the disease and has 
been treated conservatively. Two presented 
a history of a crushing type of injury and 2 
a history of indirect force. One gave no 
history of injury. This patient (Fig. 12) 
refused surgery, but received considerable 
temporary relief from small doses of inter- 
mediate roentgen therapy directed to the 
lesion. 


OTHER INJURIES OF THE CARPUS 


As noted by Sherrill, most injuries of 
the carpus occur to bones of the proximal 
row and greater multangular. This happens 
when ordinary mechanisms of injury are 
operative. However, when gunshot wounds 
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Fic. 12. Kienbéck’s disease. This figure illustrates well the dorsal tongue-like projection (x) of the lunate in 
Kienbdéck’s disease, as described in the text. This patient was a young woman, active athletically, but'who 
gave no definite history of injury. The wrist was treated on three different occasions with roentgen therapy, 
the fields having been accurately marked out under fluoroscopic control beforehand. On all occasions the 
patient received temporary benefit; however, serial films revealed a progression of the disease. 

Since the method of illustration used in this paper has not been described before, it may be worth while 
to briefly mention it. The film that is to be used for reproduction is covered with a sheet of transparent 
film and made secure with Scotch tape. An outline of the structures is then traced onto the transparent 
film and the film with tracing superimposed is then sent to the photographer. 


are encountered, no set rules apply—the 
question of site of injury depends upon the 
direction and the course of the speeding 
missile. Consequently, in this hospital we 
have encountered extensive fractures of all 
carpal bones; sometimes singly, but more 
often in combination. It is obvious that 
with bone injuries due to high explosive 
fragments there is likely to be considerable 
shattering and fragmentation of the parts. 
Howard," in a personal communication, 
has described a typical extensive destruc- 
tion that is often a problem. He calls 
attention to dorsal dislocation of the bases 
of the metacarpals, dragging with them 
a variable amount of the distal carpus, 
usually a part of the capitate (Fig. 13). He 


feels that since the capitate serves to lock 
the two carpal rows, fracture through it 
may be a predisposing factor. The end 
result is a shortening of the hand with 
all of the metacarpals angled forward so 
that the thumb cleft is narrowed and the 
thumb becomes less useful. The mechan- 
ics of finger flexion is so altered that the 
grip lacks power. Dorsal flexion of the 
wrist is generally blocked and often the 
radial carpal articulation injured. Regard- 
ing treatment, he says, “In these cases I 
have been correcting the deformity surgi- 
cally, utilizing iliac bone graft if necessary, 
making sure to restore the angle of the 
metacarpals with the carpus or even in- 
creasing this angle somewhat when the 
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radial carpal articulation is poor.” 

In our casually selected group of carpal 
injuries 5 lesions of the capitate are of 
interest. One of our capitate injuries is a 
single fracture through the proximal por- 
tion of the head; 3 were fractures asso- 
ciated with other injuries such as fracture 
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of the os magnum, with no evidence of 
fracture, was encountered (Fig. 14). This 
lesion occurred in a wrist which had been 
traumatically amputated at the carpal- 
metacarpal joint by an exploding booby 
trap. At the same time the multangular 
bones were also amputated and the navic- 


Fic. 13. Fracture of capitate, lesser multangular and scaphoid bones as well as fractures of the bases of the 
second and third metacarpals with posterior dislocation at the carpal metacarpal joint. These multiple 
injuries were caused by a sniper bullet on October 3, 1944. A posterior fragment, indicated at a, was re- 
moved and the dislocation reduced on July 11, 1945. The fractured carpus healed with but moderate de- 
formity. Moderately severe traumatic arthritic changes developed, but the patient was discharged, im- 
proved, to Occupational and Physical Therapy. At 4 is seen a dense proximal fragment of the fractured 
navicular. The letters c indicate fragments of the fractured os magnum. 


of the lesser multangular and navicular 
(Fig. 13), fracture of the hamate, and frac- 
ture of the triquetral respectively. The 
fractured capitate associated with fracture 
of the triquetral presents aseptic necrosis 
of the head. In this case the aseptic necrosis 
is secondary to fracture. In the fifth capi- 
tate lesion an aseptic necrosis of the head 


ular fractured. Revascularization and 
revitalization of the heads of both capi- 
tates described may well take place in 
time. Jénsson"™ has reported a case of iso- 
lated aseptic necrosis of the capitate, in 
which the proximal portion became flat- 
tened. Subchondral rarefactions were ob- 
served. Over a period of months the distal 
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half developed a distinct sclerosis and the 
proximal part showed small broken down 
fragments of bone pressed together into an 
irregular structureless mass. This disease 
process occurred in a student nurse, aged 
twenty-two, who gave no history of injury. 
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within the bone, as Bunnell suggests. The 
rarity of aseptic necrosis of the capitate is 
probably a direct consequence of the in- 
frequency of capitate injuries. 

Four fractures of the hamate were col- 
lected. One is a fracture of the hamulus, the 


Fic. 14. Aseptic necrosis of head of os magnum without evidence of fracture. This distal carpal amputation 
was produced when a booby trap exploded in the patient’s hand on June 14, 1945. The multangular bones 
were also amputated and the navicular fractured in this injury. Roentgen examination at Percy Jones 
General Hospital on November 1, 1945, showed the amputation with aseptic necrosis of the head of the os 
magnum and ununited fracture of the navicular. Arrows indicate the area of aseptic necrosis. Note the 
marked demineralization of the remainder of the carpus. 


This case, as Jénsson notes, closely simu- 
lates Kienbéck’s semilunar malacia. Our 
cases, on the other hand, have more the 
appearance of aseptic necrosis as seen in the 
proximal fragment of a fractured navic- 
ular. Presumably the fundamental pathol- 
ogy in all of these cases is due to inter- 
ference of blood supply, whether this be a 
complete severance of blood vessels at the 
time of fracture or a cutting off of the 
blood supply due to increased pressure 


ununited distal fragment eventually having 
been removed (Fig. 15). Another was a 
shattered hamate. A third fractured ha- 
mate was associated with fracture of the 
capitate. The fourth case was a shattered 
hamate, triquetral, pisiform and fractured 
lunate complicated further by osteomye- 
litis (Fig. 16). This last case is not unusual 
in our experience and exemplifies many 
similar cases seen in battle casualties. 
There are 2 cases of fracture of the lesser 
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Fic. 15. Fracture of hamulus of hamate. This injury occurred in a twenty-eight year old Sergeant who fell 
on his outstretched hand while skiing on November 24, 1942. Roentgenograms at the time revealed no 
fracture of his wrist. However, his wrist continued to be painful over a number of months in spite of various 
types of therapy. Physical examination on September 9, 1943, showed an ovoid cystic mass 3 cm. in diame- 
ter just over the transverse carpal ligament apparently fixed to the flexor tendons of the third, fourth and 
fifth fingers. Hyperextension and forced flexion of the third and fourth fingers caused some pain. Roent- 
genograms showed an old injury of the hamulus of the hamate apparently with some bone loss at the base 
of the hamulus and an old ununited fracture of the distal hamulus. On November 25, 1943, the ununited 
fragment was removed and the cystic mass opened at operation. The cystic portion was found to involve the 
ulnar bursa and to contain a material resembling boiled rice. The tendons in this same region and the 
tissues about them showed evidence of a plastic exudate. The patient was discharged greatly improved with 
a final diagncsis of “ununited fracture of the hamulus of the hamate, nonspecific chronic granulomatous 
lesion involving the ulnar bursa and tenosynovitis of the flexor profundus tendon of the ring finger, right.” 
It is not known whether the chronic granulomatous lesion was secondary to injury or whether it repre- 
sented an incidental inflammatory lesion (tuberculosis?) of the ulnar bursa. Tissue section showed non- 
specific chronic inflammatory tissue. The left wrist shows a normal well rounded hamulus as indicated by 
the arrow. The right wrist shows the deformed hamulus with the ununited fracture. The projection 
shown above is the so-called “tunnel view” of the carpus. 


multangular bones—one a chip fracture, 
the other discussed above, was associated 
with a fractured capitate (Fig. 13). One 
fracture of the greater multangular has 
been encountered (Fig. 17). This fracture 
occurred through the outer third of the 


bone, permitting a proximal and posterior 
subluxation of the first metacarpal with 
consequential shortening of the thumb. 
The injury occurred when the patient was 
struck by fragments from a mortar shell. 
However, even though there is a metallic 


Fic. 17. Fracture of greater multangular. This nineteen year old private was wounded in action on October 


22, 1944, when struck by a fragment from a mortar shell. He sustained multiple high explosive fragment 
wounds involving the neck, thorax, abdomen, elbow, face and thighs, and a small wound over the left 
thenar eminence. A metallic fragment is present in the soft tissues of the lower forearm, but the appearance 
of the greater multangular fracture suggests an indirect injury. The patient may have fallen on his hand 
since he was knocked unconscious at the time of injury. The lateral fragment of the greater multangular is 
seen at a. 


162 
“al 
Y = \- 
: 
> 
| 


Vou. 58, No. 2 Roentgen Evaluation of Lesions of the Carpus 163 


Fic. 16. This extensive injury occurred when an enemy bazooka shell struck the tank in which the soldier 
: was riding. The hamate, triquetral, pisiform and lunate bones were shattered, in addition to multiple frac- 
tures of the bones of the hand. Osteomyelitis further complicated this injury with fusion of the remaining 
} carpal bones into a solid mass. 


Fic. 17 
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Fic. 18. Fracture of triquetrum and pisiform. This patient received his injury in Germany on February 24, 
1945, suffering compound, comminuted fractures of the lower third of the right radius and ulna and frac- 
tures of the pisiform (a), triquetral (4), and the lunate bone (c); d indicates a fragment from the triquetral. 
Note splint and irrigation tube. Most of our fractures are compound. 


fragment present in the lower forearm 
this fracture is more suggestive of injury 
by indirect force, which type has been de- 
scribed by Greene and Miller.® 

Five fractures of the triquetral are in- 
cluded in our group. Three were associated 
with fractures of the pisiform bone, one of 
which is demonstrated in Figure 18. Two 
showed fractures through the center of the 
bone, 2 were shattered and 1 showed, a 
chip off the dorsal aspect of the triquetral. 
The latter type of injury is seen not in- 
frequently in our department. Only 1 was 
uncomplicated by other carpal injuries. 
There were 3 fractures of the pisiform. 
None of these was badly comminuted and 
the fragments of all fractured pisiforms 


seen were in satisfactory position. Possibly 
the unique position of this bone accounts 
for the absence of fragmentation when 
other bones of the wrist were shattered. 


SUMMARY 


We have presented a group of carpal 
lesions coming under observation in our 
department at the Percy Jones General 
Hospital. These lesions have been selected 
from our most interesting cases. Fractures 
of all the carpal bones and dislocations of 
the lunate have been discussed and exem- 
plified as they occur in strenuous military 
training and battle injuries. Five cases of 
Kienbéck’s disease have been reported and 
a roentgen finding in semilunar malacia, 
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hitherto undescribed as far as is known, is 
recorded. Two cases of aseptic necrosis of 
the head of the capitate are described and 
the mechanism of its production is dis- 
cussed. A technique for roentgen examina- 
tion of extremities using the Morgan- 
Hodges phototimer has been found to be 
especially valuable in orthopedic roent- 
genography. 

G. W. Heublein, M.D. 

179 Allyn St. 

Hartford, Conn. 
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THE MEDIAL FEMORAL TRIANGLE OF TRANSLU- 
CENCY SIMULATING OSTEOCHONDRITIS 
DISSECANS 


By JOSEPH C. WEISMAN, M.D. 


KEW GARDENS, NEW YORK 


STEOCHONDRITIS dissecans is a 

term which was first coined by K6énig 
in 1887 to describe a subcartilaginous 
loosening up, as if by dissection, of bone 
fragments notably in the knee on the 
medial femoral condyle. The condition was 
first noted in 1738 by Alexander Munro 
who suggested that the separation of the 
loose body was due to trauma. It is more 
rarely found in the lateral femoral condyle 
as well as in the subarticular surfaces of 
other joints of the body. It is predomi- 
nantly a disease of young adults, more 
frequent in males. It is apparently a form 
of aseptic necrosis, the etiology of which is 
still somewhat obscure. Trauma, especially 
combined with torsion, is definitely related 
in most cases, although it is also seen bilat- 
erally; one side without clinical symptoms. 
While it is seen most frequently in the knee, 
it has also been observed in other joints, 
some of which were non-weightbearing. The 
frequency of involvement of the medial 
femoral condyle is probably due to the fact 
that this condyle bears the brunt of the 
body weight and consequent major and 
minor traumata of everyday life. 

In a typical case, a small, rounded, oval, 
triangular or irregular bone fragment is 
seen in the subarticular region of the medial 
femoral condyle surrounded by a trans- 
lucent zone. The involved area is often on 
the lateral side of the medial condyle near 
the intercondyloid notch. The separated 
fragment may become much smaller than 
the area from which it arose and in time 
may separate and form a loose joint body 
leaving behind a depression or zone of 
diminished density. The borders of this 
zone usually appear indistinct. It may in 
time fill in with normal bone and all traces 
of former pathology may disappear. 

I have at times noted a triangular zone 


of transluceney on the lateral aspect of the 
medial femoral condyle associated fre- 
quently with a history of trauma and pain 
on the medial side of the knee. This ap- 
pearance suggests osteochondritis dissecans 
after separation of the loose bony fragment. 
It is at any rate an interesting normal 
phenomenon. In a personal communication 
from Dr. S. Cochrane Shanks,* he states 
that he has noticed this area and agrees 
that it “closely simulates the shallow bed 
left after the separation of a scale of bone in 
osteochondritis, but in the latter condition 
usually the outline of the translucent area 
is more irregular” I have been unable to 
find any reference to this phenomenon in 
the literature although I am quite sure 
that it has been noted by many roent- 
genologists. 

The triangle was at first thought to be of 
clinical significance while observing roent- 
genograms of individuals complaining of 
knee joint pain with definite histories of 
trauma. It was later noted in occasional 
normal knees and was found to vary in size 
and shape in different individuals. 

I am of the opinion that this zone of 
translucency is due to the variation in 
width and shape of the lower medial border 
of the inner femoral condyle as it sweeps 
upward and laterally. The medial aspect of 
the intercondyloid notch is thinner in some 
individuals giving rise to this peculiar tri- 
angular zone of decreased density. In most 
cases observed, the borders of this triangle 
were sharp and well defined but in some 
this sharpness was not noted. Another 
differentiating point is the fact that this 
anatomical triangle is almost invariably 
superimposed on the medial tibial spine 
whereas most cases of osteochondritis 


* Personal communication, January 26, 1945. 
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dissecans observed were medial to this @& 
area. 

Figure 1 illustrates a typical case of 
osteochondritis dissecans showing the lo- 
cation of the translucent bed and the sepa- 
rating necrotic bone fragment. 

Figure 2 illustrates the translucent 
anatomical triangle in a white male, aged 
twenty-four, injured in a football game in R 
1939. His knee has “locked” on several 
occasions since date of injury. Roentgeno- 3S 


Fic. 1. Typical case of osteochondritis dissecans 
showing the location of the translucent bed and 
the separating necrotic bone fragment. 


Fic. 3, 4 and 5. Roentgenograms illustrating differ- 
ent sizes and shapes of the medial femoral triangle 
noted in routine examinations. 


gram of right knee was made October 19, 

| 1944- 

Fic. 2. Illustrating the anatomical medial femoral Figures 3, 4 and § represent different 
condylar translucent zone at the same site as is sizes and shapes of medial femoral triangles 
frequently seen in osteochondritis dissecans. This noted in routine examinations. 
patient’s knee has “locked’’ on several occasions 
since injury in a football game in 1939. He had 109 80th Road 
persistent pain in the knee. Kew Gardens, N. Y. 
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METASTATIC CARCINOMA OF THE 
HYPOPHYSIS CEREBRI* 


By CHARLES WADSWORTH SCHWARTZ, M.D. 


NEW YORK, NEW YORK 


of the hypophysis cerebri 
is rare, and a lesion which has metas- 
tasized to the pituitary body from some 
other source is so uncommon as to be of 
considerable interest, particularly when we 
consider that the pituitary body is a not 
uncommon site for tumors; in fact, about 
20 per cent of all intracranial tumors are 
of pituitary origin, and at autopsy small 
tumors are often found originating from the 
chromophobe cells which were evidently 
asymptomatic during life. These tumors, 
however, are adenomas and do not origi- 
nate elsewhere, nor do they metastasize. 
There is another group of pituitary 
tumors which are more rapidly growing 
than the adenomas. They are more apt to 
become malignant in the sense that they 


may metastasize and actually invade ad-. 


jacent structures instead of displacing them 
as the adenomas do. Such tumors usually 
originate from the chromophobe cells and 
are apt to show the presence of numerous 
mitoses, and more infrequently do we find 
such neoplasms originating from the chro- 
mophile acidophilic or basophilic cells; and 
rarest of all is to find a tumor of any kind 
originating from the posterior portion of 
the gland. This is not surprising when we 
consider that the posterior portion of the 
gland consists of the median eminence of 
the tuber cinereum, the infundibulum, the 
infundibular stem, and prominence, all of 
which are made up of pituicytes (Bucy), 
connective tissue, and unmyelinated nerve 
fibers—not a favorable bed for tumor 
origin. It is of interest to note that the 
chromophobe cells give rise to most pitui+ 
tary tumors, in fact about 70 per cent of 
them, in spite of the fact that the chromo- 
phobe cells constitute only about 52 per 
cent of the cells of the anterior portion of 
the gland. 


To make a differential diagnosis on the 
roentgenogram alone, between an invasive 
or metastatic pituitary tumor and the more 
common pituitary adenomata, may well be 
impossible. The chances of making such a 
diagnosis will be increased if we remember 
to consider the possibility of such a’ tumor 
being present, and then bear in mind the 
various roentgenologic criteria associated 
with pituitary lesions which are quite well 
known to all of us; but as a brief recapitu- 
lation might be of aid, we will discuss some 
of the differential points. 

The chromophobe adenoma is slow grow- 
ing, as are all the adenomas, and it is the 
most common of the pituitary tumors. It is 
apt to be quite large before anyone thinks 
it worth while to obtain roentgenograms of 
the head. The tumor produces a “‘balloon- 
ing” of the sella turcica, and if it bursts 
through the diaphragma sellae or extends 
laterally it will displace but rarely include 
adjacent structures. The mass is seldom 
large enough to block any of the cerebral 
fluid pathways sufficiently to cause in- 
creased intracranial pressure, in fact less 
than 3 per cent of the pituitary tumors give 
rise to an elevation of intracranial pressure. 
Such tumors may on rare occasions extend 
laterally far enough to depress the floor of 
the middle fossa on one side and even en- 
large an optic foramen. The atrophy seen 
in the sella turcica may be slight or may 
vary in amount up to complete destruction. 
The bone will have a clean cut, atrophic 
appearance rather than the fuzzy i invasive 
appearance of destruction; however, it is 
often difficult to differentiate between these 
two changes as they differ in degree only. 
With a chromophobe tumor, the skull will 
show none of the changes of acromegaly. 

The chromophile acidophilic type of 
adenoma is usually much smaller than the 


* From the Departments of Radiology and Pathology, St. Agnes Hospital, White Plains, New York. 
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chromophobe type and is much less com- 
mon. The changes in the sella turcica are 
similar to those produced by the chromo- 

phobe tumor, but less well marked, and in 
aiition there will be present the ‘charac- 
teristic changes in the skill of acromegaly. 
If we find a large atrophic sella turcica with 
acromegalic changes in the skull, then we 
are probably dealing with a mixed tumor 
combining some of the characteristics of 
both types, with the chromophilic cells 
predominantly active. 

The basophilic type of tumor is usually 
quite small and may be discovered only on 
microscopic study of the gland. The roent- 
genologic findings in the presence of a 
basophilic pituitary adenoma are usually 
not marked in the sella turcica. The 
changes are slight general lack of bone cal- 
cium throughout the skull, but most 
noticeable in the calvarium where the bone 
will have a somewhat mottled and granular 
appearance not unlike the changes associ- 
ated with hyperparathyroidism. In fact, 
in cases where there is no atrophy of the 
sella turcica, it would be difficult to differ- 
entiate between these two conditions were 
it not for the fact that basophilism is usu- 
ally associated with Cushing’s syndrome. 

There is another tumor which is usually 
thought of as one of the pituitary group of 
lesions and must be differentiated from 
them. This tumor arises from squamous 
epithelial rests and originates in the tuber 
cinereum or in the remains of Rathke’s 
pouch in the anterior lobe of the pituitary 
gland. These lesions are usually known as 
craniopharyngiomas, and as they fre- 
quently calcify and cause an increase of 
intracranial pressure, together with a con- 
siderable enlargement of the sella turcica, 
their identification is rarely a problem, and 
in addition they are usually found in young 
people. 

We may rarely find an epidermoidoma 
associated with the pituitary; a gumma or 
even a tuberculoma may also complicate 
the picture. With the exception of the 
tuberculoma which might calcify, we could 
hardly hope to differentiate these lesions 


Metastatic Carcinoma of the Hypophysis Cerebri 


from the more common pituitary tumors, 
although a careful consideration of the 
clinical findings may help in arriving at a 
more definite conclusion. 

Tumors of the pituitary body which 
might be termed carcinomatous are indeed 
rare. Statistics are sometimes difficult to 
evaluate, but certainly such tumors con- 
stitute a very small percentage, probably 
not more than 2 per cent or even less. In my 
experience, the frequency of such tumors is 
less than 1 per cent. It seems highly proba- 
ble that some of these tumors may well 
develop from a metamorphosis of the 
chromophobe cells, and one has been re- 
ported as of basophilic origin. These rapidly 
growing lesions have been termed malig- 
nant adenomas by Dott, Bailey and Cush- 
ing, rather than adenocarcinomas. The word 
“malignant” simply means getting worse 
which is usually true of any of the adeno- 
mas, but malignancy has been associated 
for some time with the idea of metastasizing 
so that by stretching an etymological point 
we might use the term “malignant ade- 
noma” to describe these lesions because 
even though they are not apt to metasta- 
size they may be metastatic and invade 
rather than displace adjacent structures. 

Bearing in mind the facts about pituitary 
tumors as set forth above, how are we 
going to make a differential diagnosis of a 
malignant hypophyseal lesion? First we 
must study the history: the malignant 
lesion will have a rather short, rapidly 
progressive symptomatology, while a pitui- 
tary adenoma would cause a more slowly 
progressing chain of events. Both however, 
would in the early stages present quite 
comparable symptoms. It is interesting to 
note that endocrine disturbances are not 
apt to be as outstanding with the malignant 
growths as with the adenomas. Perhaps 
because the malignant growth is so rapidly 
destructive, the endocrinopathies do not 
have time to become evident before death 


occurs. 

Second, the roentgenologic changes must 
be carefully evaluated because the extent 
of the sellar destruction is no criterion. A 
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malignant tumor may be small, and an 
adenoma may be large. The malignant tu- 
mor usually invades the bone and produces 
complete destruction, whereas the adenoma 
causes pressure atrophy and usually we can 
make out a pseudocortex or shell marking 


Fic, 1. Pituitary carcinoma (metastatic). The calci- 
fied streaks behind the sella turcica are in the 
free edges of the tentorium and not associated 
with the tumor. 


the limit of the extent of the tumor. It is 
quite evident that these types of destruc- 
tion blend one into the other so that at 
times in the roentgenogram the results 
would appear the same. The malignant 
growth is somewhat more apt to invade the 
sphenoid cells than is the adenoma, particu- 
larly when the cells are extensive and the 
floor of the sella turcica is thin. The tumor 
may occasionally be seen within the air 
cell. The adenoma often depresses the sellar 
floor but usually does not completely de- 
stroy it. With either type of tumor, if the 
sphenoid cells are invaded, there may be a 
cerebral fluid drip from the nose. 

The following case is offered as a good 
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example of a metastatic lesion of the 
pituitary gland: 

The patient, male, aged forty-eight, was 
admitted to the hospital on the service of Dr. 
D. A. MacDonald. The patient gave a history 
of being well until ten weeks prior to admission 
when he began to have pain in the left ear 
followed by pain in the left face with temporal 
and frontal headaches. Eight weeks before 
hospitalization, he began to have weakness of 
the left eyelid and inability to move the left 
eye. There was no vertigo or tinnitis. He was 
admitted to the hospital because of* attacks 
of pain simulating cholecystitis. 

The chief points of interest brought to light 
by examinations by Dr. L. C. Herning and Dr. 
W. D. Wingebach were ophthalmoplegia of the 
left eye but with the pupil reacting. There was 
no evidence of papilledema. There were no 
other cranial nerves involved and general neuro- 
logical examination was essentially negative. 

Examination of the skull (Fig. 1) was inter- 
preted as revealing the presence of a large 
pituitary adenoma with reservations as to the 
possibility of there being a malignant factor 
present. Had the history been more carefully 
studied, the diagnosis probably could have been 
more definitely made. The short ten weeks’ 
history would hardly be compatible with the 
usual pituitary adenoma, and in addition, the 
man was not typically endocrinopathic. 

The patient was given roentgen irradiation 
to the pituitary region, but after receiving 
2,000 roentgens distributed over the usual 
three fields of entry, his condition became 
rapidly retrogressive and he died. 

The autopsy report and pathological findings 
by Dr. P. T. MaclIlroy are as follows: 


Microscopic Examination. 


Liver: Shows metastatic new growth. Large 
masses of cells in epithelial union are seen 
invading the parenchyma of the liver. 

Suprarenals: Show the presence of metastatic 
malignancy resembling that seen in the liver. 

Pancreas: Not remarkable. 

Kidneys: The cells lining the convoluted 
tubules in many instances have lost their nu- 
clear staining. The cells have a granular ap- 
pearance. 

Spleen: Not remarkable. 

Intestinal Wall: Shows invasion by cells in 
epithelial union forming, for the most part, 
large gland tubules. Areas of necrosis and 
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Fic. 2. Photomicrograph of the tumor. There are 
numerous areas of degeneration. 


mucoid degeneration are present. Foci of 
chronic inflammation are seen in the surround- 
ing stroma, 

Hypophysis: Shows invasion by cells in epi- 
thelial union forming gland tubules resembling 
those seen in the colon. The central portions of 
the growth show considerable necrosis. In the 
well nourished areas, on the other hand, the 
growth presents a_ hyalinized appearance, 
probably the result of roentgen therapy. 

Histopathological findings: Primary carci- 
noma of the colon; metastases to the liver and 
suprarenals; metastatic adenocarcinoma of the 
hypophysis showing hyalin degeneration. 


33 East 68th St. 
New York 21, N. Y. 
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PLANIGRAPHY 
Ill. AN EVALUATION OF THE METHOD IN THE DIAGNOSIS OF 


CANCER OF THE LOWER RESPIRATORY TRACT* 


By J. ROBERT ANDREWS, M.D. 


St. Vincent Charity Hospital 
CLEVELAND, OHIO 


and 


ROBERT O. TUREK, M.D. 


Professional Building 
TOLEDO, OHIO 


INTRODUCTION 


REVIEW of the history of the utili- 

zation of planar roentgenography in 
the study of cancer of the lower respiratory 
tract shows that the usefulness of the 
method was understood and appreciated as 
early as 1935 when Chaoul**® published 
his fine work. He showed by serial section 
study of normal and pathologic lungs how 
the bronchi and their branches, pulmonary 
cavities, and extension of pathological 
processes could be demonstrated. A planar 
roentgenogram of a living patient, made by 
the senior author of this study in 1937, 
showing obstruction of the left main bron- 
chus was published in a review by Freed- 
man.® Despite the fact that the wide range 
of usefulness of this procedure was recog- 
nized by many, little has subsequently ap- 
peared in the literature regarding its em- 
ployment in the study of cancer of the 
lower respiratory tract. 

Mention is made of the procedure by 
Gravano and Malenchini® in the Argentine 
literature of 1937. In 1939 Dreyer® pub- 
lished one case showing defective aeration 
of a portion of the stem bronchus. Olds 
and Kirklin” published an excellent film in 
1940 which showed clearly an obstructive 
mass in the left main bronchus with atelec- 
tasis of the left upper lobe. Farifias,’ in 
the same year, illustrated by planar roent- 
genography the infiltrative character of 
a tumor mass in the lung parenchyma. 
It remained for Moore" to publish, also in 


1940, the first definitive treatise on the 
employment of the method in the study of 
cancer of the lower respiratory tract and 
in this study the many and varied roentgen- 
ographic images which may be encountered 
were shown. 

Sparks" mentioned in 1943 the use of the 
procedure in the study of cancer of the 
lung and showed a simple diagrammatic 
representation of two typical cases. Closely 
allied, at least in some clinical manifesta- 
tions, to bronchiogenic carcinoma is ade- 
noma of the bronchus. A definitive planar 
roentgenographic study of this disease by 
Lowry and Rigler’® appeared in 1944 and 
in it the authors employed the procedure 
to demonstrate the actual intrabronchial 
tumor. 

The present study was undertaken to 
determine just how specific the planar 
roentgenographic findings may be in the 
diagnosis of cancer of the lower respiratory 
tract. 


Of all the roentgenographic findings 
which may be associated with primary 
cancer of the lower respiratory tract the 
most pathognomonic is bronchial obstruc- 
tion as manifested by atelectasis. If planar 
(body section) roentgenography could be 
relied upon to demonstrate the bronchial 
obstruction itself and if bronchial obstruc- 
tion were not simulated or caused by non- 
neoplastic inflammatory diseases then the 
procedure could be depended upon as 


_ * Part IIT of thesis submitted by Dr. Andrews to the Faculty of the Graduate School of Medicine of the University of Pennsylvania 
in partial fulfillment of the requirements for the degree of Doctor of Medical Science (D.Sc. (Med.)) for graduate work in radiology. 
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Fic. 1. Planar roentgenographic apparatus 
employed by the authors. 


specific in the diagnosis of cancer. 


Endobronchial tumor; circumscribed or 


ill defined pulmonary infiltration; necrosis 
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and abscess; tracheal or bronchial dis- 
placement; pleural effusion; exudate or 
hemorrhage; bronchiectasis; and enlarged 
mediastinal nodes, as well as bronchial ob- 
struction and atelectasis, may likewise be 
found in association with cancer of the 
lower respiratory tract and may be demon- 
strated by planar roentgenography. It is 
the purpose of this study to determine how 
specific any of these findings, occurring 
singly or in combination and demonstrated 
by planar roentgenography, may be in the 
diagnosis of cancer. 

The planar roentgenographic apparatus 
employed in this study was designed and 
constructed by one of the authors (R.O.T. ) 
and is a simple adaptation of the plani- 
graphic method employing rectilinear mo- 
tion.'? The apparatus is illustrated ji 
Figure 1. 

(1) Bronchial obstruction with atelec- 
tasis is readily demonstrable by planar 
roentgenography i in cases of endobronchial 
carcinoma (Fig. 2 and 3). On the other 
hand, similar planar roentgenographic evi- 
dence of bronchial obstruction is also 
found in metastatic tumor (Fig. 4B), 
unresolved or slowly resolving pneumonia 
(Fig. 5C and 6B), acute pneumonic consoli- 
dation (Fig. 78), and uncomplicated 


Fic. 2. Case 1, 4, carcinoma of stem bronchus. B, constriction of stem and right lower lobe bronchi (7) and 
infiltration of pulmonary parenchyma (2). 
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Fic. 3. Case 11. 4, carcinoma of left upper lobe bronchus. B, obstruction (no visualization) of left upper lobe 
bronchus, infiltration of pulmonary parenchyma (7), and retraction of trachea (2). C, multiple thin-walled 
cavities in left upper lobe tumor mass. D, multiple, contracted, small cavities in apex of fixed specimen of 


left upper lobe. 


pleural effusion (Fig. 8B). The fact that 
bronchial obstruction or simulated bron- 
chial obstruction may be found by planar 
roentgenography in the presence of non- 
neoplastic inflammatory lesion negates, 
therefore, the specificity of this finding in 
the diagnosis of endobronchial carcinoma. 

(2) Endobronchial tumor: The demon- 
stration of actual tumor lying within the 
lumen of the bronchus by planar roentgen- 
ography is very unusual. Moore," in his 


Case 3, shows an excellent example. This is 
but one example out of 26 cases of lung 
cancer cited in that report. Caseous tuber- 
culous lymph nodes may ulcerate into the 
lumen of a bronchus and such a lymph 
node, unless it was calcified when a diag- 
nosis of tuberculosis would be presumptive, 
ulcerating and bulging into the lumen of a 
bronchus, could be mistaken for carcinoma. 
A case of calcified and caseous mediastinal 
lymph node ulcerating into the stem bron- 
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chus is shown in Figure 9, 4 and B. Where, 
however, a tumor mass can be shown in a 
bronchus, the possibility of cancer would 
be very great as caseous tuberculous nodes 
ulcerating into a bronchus are much less 
frequent. We have not been able to demon- 
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renchyma by cancer can be shown by planar 
roentgenography (Fig. 28, 3B and 108), 
The tumor mass will occasionally be shown 
on such films as a dense, circumscribed 
mass while the pneumonic reaction around 
such tumor will appear as a less dense, 


strate an intrabronchial tumor mass in our 
series although surgical and autopsy speci- 
mens have shown the presence of this tu- 
mor. Although such a finding would have 
great specificity one must conclude, there- 
fore, that it is very infrequently observed. 

(3) The infiltration of pulmonary pa- 


Fic. 4. Case 11. 4, metastatic melanosar- 


coma. B, obstructed right upper lobe 
bronchus (7) and enlarged hilar node (2). 
C, compression of stem bronchus by en- 
larged hilar node (7) and mass in paren- 
chyma (2). 


ill defined lesion. Such a differentiation 
generally cannot be made with ordinary 
roentgenograms. Other lesions, such as 
metastatic tumor (Fig. 4C) and the mas- 
sive, coalescent, fibrous and hyalin lesions 
of silicosis (Fig. 11B), may present similar 
circumscribed mass shadows. Pulmonary 
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infiltration, of more or less characteristic 
appearance, will of course be found in any 
parenchymatous lesion of neoplastic or non- 
neoplastic inflammatory origin on the 
planar roentgenograms. 

(4) Necrosis and abscess: Planar roent- 


genography is now an established procedure 
for the demonstration and localization of 
both ill defined and unsuspected pulmonary 
cavities. Very small and thin-walled cavi- 
ties become demonstrable but such cavities 
may be present not only in cancer but in 
many other parenchymatous lesions. The 
presence of cavitation loses, therefore, its 
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specificity in the diagnosis of carcinoma. 
The presence of cavities in a case of endo- 
bronchial carcinoma is well shown’ ‘in 
Figure 3C. The gross surgical specimen is 
shown in Figure 3D, where the shrunken 
cavities can be seen in the fixed material. 


Fic. 5. Case 1v. 4, acute lobar consolida- 


tion. B, persistent lobar consolidation. 
C, obstructed right upper lobe bronchi 
in presence of persistent or lowly resolv- 
ing pneumonia (examination made at the 
same time as 8). 


On the other hand, cavities appear more 
frequently in inflammatory lesions. With 
the use of planar roentgenography cavities 
have been found with unsuspected fre- 
quency in cases of unresolved, or slowly 
resolving, pneumonia (Fig. 6, C and D) and 
one case of an acute, rapidly resolving 
pneumonia was found in which planar 
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roentgenography showed the presence of 
cavity (Fig. 7C) although a subsequent film 
made seven days later showed that the con- 
solidation and cavitation had disappeared 
(Fig. 7D) and the patient clinically had 
recovered. 


(5) Tracheal and bronchial displace- 
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cance for retraction is found in the presence 
of any lesion which results in organization 
and cirrhosis of the lung and displacement 
in the presence of effusion or obstructive 
emphysema of whatever cause. 

(6) Pleural effusion, exudate, or hemor- 
rhage: Any of these may occur in the pres- 


Fic. 6. Case v. 4, unresolved pneumonia. B, obstructed right upper lobe bronchi. C, abscess in persistent 
pneumonia lesion. D, abscess in persistent pneumonic lesion (planar roentgenogram made at level different 


from that in C). 


ment: Planar roentgenography affords an 
excellent means for studying alterations of 
the positions of the trachea and bronchi. 
In the presence of carcinoma either retrac- 
tion of the trachea or displacement of it in 
the opposite direction may be found, the 
former accompanying atelectasis of a lobe 
(Fig. 3B) or lung and the latter accompany- 
ing expanding tumor or effusion. Such find- 
ings are, however, of no differential signifi- 


ence of cancer but what is of most impor- 
tance is the fact that in the presence of 
uncomplicated pleural effusion findings 
simulating bronchial obstruction may occur 
on the planar roentgenograms (Fig. 88). 
Figure 8C shows that the effusion has 
resorbed and that there is no underlying 
parenchymatous lesion to account for the 
apparent or actual bronchial obstruction 
visible on the planar roentgenogram. This 
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bronchial obstruction presumably is due to 
compression of lung and bronchi by fluid 
but unless this possibility is recognized the 
finding might be interpreted as indicative 
of obstructive endobronchial carcinoma. 
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of bronchi. We have not studied bronchi- 
ectasis of congenital or inflammatory origin 
by planar roentgenography but, presuma- 
bly, there would be no differential findings. 

(8) Mediastinal nodes: Autopsy studies 


Fic. 7. Case vi. 4, acute lobar consolidation. B, obstruction of small bronchi in right upper lobe. C, un- 
suspected cavity in acute pneumonic lesion. D, resolution of acute lobar consolidation seven days after 4. 


(7) Bronchiectasis has been found in the 
presence of lung cancer (Fig. 108). In this 
case the tumor was found, at autopsy, to 
be a diffusely infiltrative one with indefinite 
localization in the lung and with bron- 
chiectasis in the tumor infiltrated portion 
of the lung due, evidently, to fixed tissue 
teaction in this portion with subsequent 
contraction of parenchyma and dilatation 


have indicated that dense, more or less 
localized shadows occurring in the hilar 
region or along the main bronchi or vessels 
on the planar roentgenograms may be 
interpreted as enlarged mediastinal nodes. 
Normal hilar shadows will show simply 
faint branching shadows of blood vessels 
and bronchi, which can easily be indenti- 
fied, and the complete absence of shadows 
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Fic. 8. Case vit. 4, simple pleu- 
risy with effusion. B, obstruc- 
tion of left lower lobe bron- 
chus. C, simple pleurisy with 
effusion with recovery without 
complication. 


Fic. 9. Case vit. 4, infiltrative lesion of right hilum. B, calcified hilar node with 
ulceration into stem bronchus. 


such as described above. The planar roent- 
genographic appearance of mediastinal 
nodes is shown in a case of metastatic 
melanosarcoma (Fig. 48). 


CONCLUSION 
Planar roentgenography is a valuable 
procedure in the study of carcinoma of the 
lower respiratory tract because it extends 
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Fic. 10. Case 1x. 4, diffuse carcinoma of right lower lobe. B, diffuse carcinoma of right lower lobe showing 
bronchiectatic character of lesion. 


Fic. 11. Case x, 4, coalescent silicosis. B, circumscribed, ball-like character of coalescent lesions in right 
upper lobe shown in 4. 


the range of usefulness of ordinary roent- 
genography and makes possible a more 
complete demonstration of the gross patho- 
logic anatomy of the tumor. Endobronchial 
tumor, bronchial obstruction and abscess, 
which otherwise would be undemonstrable, 
may be visualized. 

Planar roentgenography does not, how- 
ever, differentiate between bronchial ob- 
struction due to endobronchial carcinoma 
and bronchial obstruction caused or simu- 
lated by acute or chronic pneumonic con- 
solidation, non-opaque foreign body, meta- 
static tumor, pleural effusion or other 
lesions. 

Planar roentgenography will demon- 
strate but rarely the endobronchial mass 
of an endobronchial carcinoma. This find- 


ing, when present, would, however, be 
highly pathognomonic in the diagnosis of 
carcinoma as practically the only lesions to 
be differentiated are a caseous lymph node 
ulcerating into a bronchus and an endo- 
bronchial adenoma. 


J. Robert Andrews, M.D. 
2315 E. 22nd St. 
Cleveland 15, Ohio 
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WAR WOUNDS OF THE CHEST 


ROENTGENOLOGICAL AND SURGICAL CONSIDERATIONS* 
By LIEUTENANT COMMANDER HENRY L. JAFFE (MC) USNR 


and 


COMMANDER JOSEPH P. O'CONNOR (MC) USNR 


LOS ANGELES, CALIFORNIA 


> Sei purpose of this communication is 
to present the roentgen and clinical 
study of a group of 165 chest casualties re- 
ceived from the Pacific combat zone. 

Considerable credit is due the doctors 
who first attended these men in the bat- 
talion aid stations on the beaches, in small 
boats en route to the transports and hos- 
pital ships off shore, and in the sick bays 
and surgeries of these vessels while en route 
to base and fleet hospitals far removed from 
the combat area. Many of these injured 
were first treated very soon after their in- 
juries occurred, and, as a result, their gen- 
eral clinical condition was most satisfactory 
upon arrival at our hospital. 


ROENTGENOLOGICAL CONSIDERATIONS 


All patients included in this study were 
examined fluoroscopically and roentgeno- 
graphically soon after their admission to 
this hospital. Some of the patients brought 
with them their films previously made 
overseas and these were of great help in 
making comparison and progress studies. 

Certain roentgenographic findings were 
noted in this group and they may be 
discussed as follows: 

(a) Normal Appearing Chest. Since some 
weeks had elapsed between the date of in- 
jury and date of admission to our service, 
a few patients showed complete clearing of 
previously treated hemothorax. The 
wounded lung showed complete re-expan- 
sion and very little or no fibrosis was noted 
at the site of the bullet or shrapnel tract. 
If there had been no record of previous 
abnormal roentgenographic findings, it 
would have been difficult to establish the 
fact that a chest wound had been present. 


A few cases of blast injury seen weeks after 
concussion also showed clear lung fields. 
Previously reported areas of multiple pul- 
monary parenchymal hemorrhage had ab- 
sorbed without residual scarring. 

(b) Thoracic Cage Injury. Single or 
multiple rib fractures were noted. Often a 
spray of metallic particles was seen ad- 
jacent to the gunshot fracture of the tho- 
racic cage. We were impressed with the 
absence of gunshot fractures of the dorsal 
vertebrae in this group. Such major spine 
injuries associated with chest wounds 
probably resulted in death on the battle- 
field. Very few instances of rib infection 
were noted and this may be due to the 
administration of sulfa drugs and peni- 
cillin. 

(c) Traumatic Hemothorax. This is the 
commonest finding and it may or may not 
be associated with a pneumothorax. In 
spite of 50 to 80 per cent compression of the 
adjacent lung tissue, there often was only a 
slight shift of the heart and mediastinum to 
the opposite side. Since most of these 
patients were treated by multiple aspira- 
tions soon after their i injury the wounded 
lung had an early opportunity to expand. 
There is no definite record of secondary 
hemorrhage in patients treated by early 
aspiration of fluid from the pleural cavity 
with a syringe and needle. The cases which 
had an infected hemothorax or empyema 
were more often those which were not 
treated by early aspiration of the hemor- 
rhagic fluid. There is no roentgenological 
proof that replacement of air when blood is 
evacuated from the pleural cavity is ad- 
vantageous. In fact the air replacement 
may delay the expansion of the lung and 


* From the Radiological and Thoracic Surgery Services of the U. S. Naval Hospital, San Diego, Calif. 
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Fic. 1. Class 1. J. W. Injured on July 26, 1944. Bullet 
wound. Roentgenogram on September 15, 1944, 
shows residual fibrous tract in left upper lobe and 
gunshot fracture of left eighth posterior rib. 


Henry L. Jaffe and Joseph P. O’Connor 
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leave the pleural cavity more vulnerable to 
infection, as has been pointed out by 
Blades in his recent review of chest wounds 
in the Army. In the chronic cases of hemo- 
thorax resulting from clotting, the lung is 
splinted by the organized clot in the pleura. 
We have seen no instance of calcification in 
the chronic hemothorax cases to date. This 
has been reported by others. The aspirating 
needle should not be placed too low since it 
may become plugged with fibrin which has 
settled to the lower aspect of the cavity. 
When multiple pockets occur in the pleural 
cavity as a result of fibrinous adhesions, it 
may be necessary to treat the patient by 
open operation. 

Chronic fibrothorax has been observed in 
a number of patients. The roentgenogram 
of the chest shows evidence of a homogene- 
ous density peripherally with compression 
of the adjacent lung tissue. On aspiration, 
little fluid can be obtained and progress 
roentgenograms reveal no change over a 


period of weeks. 


Fic. 2. Class 1. R. C. Injured July, 1944. Through and through gunshot wound of chest. 4, roentgenogram 
on September 11, 1944, shows right hemothorax. Treated by multiple aspirations. B, roentgenogram on 
January 29, 1945, shows complete clearing. Discharged to full duty. 
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Fic. 3. Class u. C. W. Injured on July 8, 1944, Retained bullet in right chest. 4, massive right hemothorax as 
seen on admission on October 11, 1944, B, complete clearing of hemothorax on February 3, 1945, after 
treatment by multiple needle aspirations. Bullet is seen under right seventh posterior rib. This has been 


removed. 


(d) Pleural Thickening. The parietal 
pleura may remain thickened long after the 
fluid absorbs or is aspirated from the pleural 
cavity. This may result in obliteration of 
the costophrenic angle. Often the lateral 
third or half of the diaphragm is fixed in an 
elevated position by adhesions. In the 
chronic cases the visceral pleura may be 
markedly thickened and prevent the com- 
pressed lung tissue from expanding by 
fixing the lung. This creates a dead space 
between the visceral and parietal pleura. 

The heart may be retracted by pleuro- 
pericardial adhesions or it may remain 
slightly displaced to the opposite side by 
adhesions fixing it in position. 

(e) Lung Parenchyma. Multiple areas of 
increased density in the lung field repre- 
senting areas of hemorrhage may be seen 
soon after blast injuries. These tend to clear 
completely in time. Massive intrapul- 
monary hemorrhage may occur after stab 
wounds or penetrating wounds and this is 
characterized by a ground-glass homogene- 
ous increased density over the lung field. 
This also clears completely as the hemor- 
rhage absorbs. 


Often one notes little or no parenchymal 
reaction in the lung about a metallic foreign 
body when viewed weeks or months after 
the injury. In through and through bullet 
wounds of the lungs, there may. be an area 
of increased density spherical or linear in 
shape about the site of a bullet or shrapnel 
tract. This may clear leaving little or no 
fibrosis as a sequela. 

(f) Bullet and Shrapnel Fragments in the 
Lungs. The presence of radiopaque metallic 
fragments is determined roentgenoscopi- 
cally and their position is marked on the 
overlying skin with a skin-marking pencil. 
Metallic markers “A” and “P’” are placed 
on the skin of anterior and posterior chest 
walls adjacent to the fragment site and 
stereoscopic posteroanterior roentgeno- 
grams are made. A true lateral roentgeno- 
gram of the chest is also made. The postero- 
anterior roentgenogram will establish the 
position of the fragment in relation to the 
rib cage and the lateral view will determine 
its position in relation to the anterior and 
posterior chest walls. A third roentgeno- 
gram taken in the lateral decubitus posi- 
tion, exactly duplicating the position of the 
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Fic, 4. Class u. B. W. Injured on May 27, 1944. Through 
and through bullet wound of chest which was not aspi- 
rated or drained early. 4, massive hemothorax right 
chest as seen on admission July 30, 1944. B, chronic 
hemothorax right chest with multiple fluid levels as 

seen in October, 1944. C, lateral roentgenograni in October, 1944, shows multiple fluid levels. D, lateral 

decubitus roentgenogram following decortication operation and the introduction of penicillin solution. 

Single fluid level and pneumothorax are seen. Lung is re-expanding. 


patient on the operating table, has been the patient is placed on the operating table 
suggested by Blades. This is most impor- and the arm is elevated. 

tant since the position of the ribs in rela- The size, shape, position and number of 
tionship to the foreign body is altered when radiopaque fragments is recorded. Many of 
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our cases showed little or no reaction in the 
lung tissue surrounding the metallic frag- 
ments, in spite of the very large size of some 
of the foreign bodies. We have observed 


Fic. 5. Class u. F. L. Injured on July 29, 
1944. Shrapnel puncture wound right 
lung. Hemothorax and early empyema 
was drained by thoracotomy prior to 
admission. 4, roentgenogram on Oc- 
tober 26, 1944, shows permanent col- 
lapse of the right lung and pyopneumo- 
thorax. Note the thick pleural adhe- 
sions fixing the right lung. B, lateral 
view on same date as 4 shows fluid 
level and fragment of shrapnel in the 
right lung posteriorly, C, roentgeno- 
gram on February 16, 1945, after first 
stage thoracoplasty. The thick corset- 
like pleura is seen to compress the right 
lung. 


evidence of suppuration about some of the 
fragments, therefore the decision as to the 
advisability of removal of fragments must 
be influenced by the fact that late sepsis or 
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empyema may be expected if they are left 
in situ. 7 
(g) Injury to the Diaphragm. We have 
observed several cases of diaphragmatic 
hernia following severe chest injuries. One 
occurred after a crushing injury to the chest 
when the patient was run over by a jeep. 
The other also followed a crushing chest in- 
jury when the patient was pinned under a 
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Fic. 6. Class m1. C. B. Injured on August 8, 
1944. Bullet wound right lung. 4, roentgeno- 
gram on October 9, 1944, shows bullet in the 
right lung and no evidence of hemothorax or 
lung parenchymal reaction about the missile. 
B, lateral reentgenogram on same date as 4 
shows position of bullet to be in posterior 
part of lung. C, roentgenogram on February 
13, 1945, after removal of bullet on January 
26, 1945, shows postoperative hemothorax 
which should clear completely. Wire suture 
is for rib approximation. 


landing barge. Both patients showed com- 
plete retraction of the shreds of the left 
diaphragm with a large defect in its central 
portion. The stomach and large and small 
intestine were seen to move freely into the 
left side of the thoracic cage when the 
patient was lowered in the Trendelenburg 
position while lying supine on the examin- 
ing roentgenoscopic table. These hernias 
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were both repaired surgically and _post- 
Operative roentgenograms and roentgeno- 
scopic study showed excellent results. 


SURGICAL CONSIDERATIONS 


These cases have been divided into three 
classes for the consideration of definitive 
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Fic. 7. Class n1. D. G. Injured on October 1, 
1944. Explosion caused chain fragment to 
enter lower left posterior chest. 4, roent- 
genogram shows chain fragment at the left 
base in the diaphragm. B, lateral view shows 
the metallic fragment in the diaphragm 
posteriorly. C, roentgenogram after surgery 
shows fragment removed and diaphragm 
repaired. 


care. In Class 1 are those cases requiring 
no further treatment; Class 1 are those 
requiring treatment of necessity on admis- 
sion; and Class 111 are those requiring elec- 
tive surgery. These injuries were sustained 
from July through September, 1944. 

The group listed as Class 1 (57 cases) did 
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Fic. 8. Class ut. E. B. Injured on August 17, 1944, when he was pinned under a landing barge. 4, roentgeno- 
gram of chest after barium meal made with patient in Trendelenburg position. Note shift of the stomach 
into the left side of the thorax. The cardia was distal to the pylorus when the stomach shifted into the 
chest. The shadow of the left side of the diaphragm is not visualized. B, roentgenogram made after barium 
enema with patient in the Trendelenburg position shows intrathcracic shift of the bowel through the torn 


left side of the diaphragm. 


not require further treatment after admis- 
sion to this hospital, having been variously 
treated by transfusions of blood and 
plasma, debridement and suture of sucking 
wounds of the chest, thoracocentesis and 
foreign body removal at advanced bases. 
A few of these had small effusions which 
appeared to be subsiding and were retained 
on the ward until clearing occurred. There 
were several with moist granulations filling 
old chest wall sinuses which soon healed. 
Thirty-eight of this class had sustained 
through and through bullet or shell frag- 
ment wounds associated with a hemotho- 
rax. On admission here, the lung fields were 
practically normal and the roentgenograms 
showed no evidence of the previously de- 
scribed hemothorax as recorded in the 
health records of these patients. One case 
in this class upon admission had a large 
open wound, 13 inches in diameter, just 
below the right sternoclavicular junction 


with collapse of the upper third of the right 
lung field and six bronchopleural fistulae 
which could be seen to emit cigarette 
smoke when observed with a thoracoscope. 
This man had received a shell fragment 
wound of the right chest with subsequent 
hemothorax and empyema which was 
drained aboard ship. He became ambula- 
tory soon after admission, and the large, 
gaping wound in the right upper anterior 
chest wall began to close. At this time it is 
entirely healed and the lung has completely 
re-expanded. 

Five combined abdominal-thoracic 
wounds involving liver, diaphragm and 
lung were repaired aboard ship im- 
mediately after injury and were healed on 
arrival at our hospital. 

Those of Class 1 (98 cases) required 
treatment of necessity upon admission or 
soon after, such as repeated thoracocen- 
teses or some form of surgery. 
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A few remarks on hemothorax should be 
made, since the management of this con- 
dition seems to be debatable in current 
traumatic surgery and military literature. 
Practically all wounds of the chest, pene- 
trating and non-penetrating, sustain a 
hemothorax of varying degree. In civilian 
practice it was the teaching to watch and 
treat conservatively with the hope that the 
blood would absorb or to aspirate the 
blood and thus hasten early re-expansion 
of the lung. Now, since experience gained 
in North Africa, Italy, in the Pacific, and 
that of English authors, the conservative 
regimen has, for the most part, been aban- 
doned, and advocates of early thoracocen- 
tesis appear to be in the majority. However, 
the point of replacing the aspirated blood 
with air or not is a lively topic of debate. 
Most wounds which penetrate the pleural 
cavity allow admission of air before the 
hemothorax becomes advanced. Likewise, 
bullet or shrapnel wounds into the lung, 
including those caused by the entrance and 
exit of the missile afford a source of air into 
the pleural cavity via the bronchial route. 
Thus it would seem that air is already 
present to set up the clotting mechanism 
and that the replacement of more air fol- 
lowing thoracocentesis would not be a mat- 
ter of import. The initial amount of air ad- 
mitted is small, and evidence supports the 
oft-repeated suggestion that the wounds of 
the lung quickly seal over by aid of fibrin 
and tissue debris and possibly with the 
help of collapse of the lobe and compres- 
sion from without caused by the blood. 
Hence, except in the fatally injured, the 
pneumothorax is not continuous. 

Usually, supportive measures for treat- 
ment of the shock and a simple dressing to 
the wounds are the only requisites for the 
first two to four days. After this time aspi- 
ration every forty-eight hours of 500 to 
700 cc. of blood, without replacement of 
air, and using a large No. 15 or 16 gauge 
needle will control most hemothoraces. 

In cases where the source of the blood is 
not from the lungs but from a large vessel, 
immediate surgery to ligate the bleeding 
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vessel must be instituted. This is indicated 
when, following the first several hours of 
injury, there are progressive signs of pallor, 
displacement of the mediastinum and drop 
of blood pressure. 

It is our observation and belief that 
replacement of air allows a “chronic, 
clotted hemothorax”’ to develop. In the old 
hemothorax cases we received, the fluid 
obtained via aspiration had a prune juice 
color, and only a small amount could be 
obtained even though physical and roent- 
gen examinations of the chest indicated 
flatness and a massive opaque density. 
After many attempts to aspirate, enough 
fluid will be removed so that the roent- 
genogram will show multilocular pockets 
with many fluid levels. A major thoracot- 
omy is then indicated to remove the fibrin 
and fibrous pockets containing the prune 
juice colored fluid and yellow custard-like 
clumps of old clotted blood. This is fol- 
lowed by decortication of a very thick 
pleura which compresses and imprisons the 
lung in a rigid, corset-like vise. 

Of the 165 cases in this study, 136 had 
hemothorax when first admitted to the sick 
list. In reviewing the records and taking 
histories of this group of casualties it was 
occasionally noted that thoracocenteses 
were frequently delayed or abandoned be- 
cause the patient appeared clinically well. 
The use of sulfa drugs and penicillin may 
often give a false security and allow a 
hemothorax to become “chronic” or to pro- 
gress into an empyema. These wonder 
drugs cannot perform a thoracocentesis but 
are only adjuncts to the removal of the 
fluid. 

In these patients the wounds were, for 
the most part, penetrating in character, 
there being only 2 with history of concus- 
sion injury of the lungs. The type of pene- 
trating injury sustained varied—entrance 
and exit bullet or shell fragment wounds 
through the chest wall and lung, entrance 
and exit injuries with no parenchymal 
involvement, entrance wounds with re- 
tained foreign body fragments of the chest 
wall only, others involving only the chest 
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wall and pleura, and others with various 
sized fragments lodged in skin, ribs, and 
lung parenchyma. There was only one with 
foreign body retained in the mediastinum, 
none in the pericardium or heart, and there 
were 3 with fragments lodged in the dia- 
phragm muscle. 

The Class 11 group (10 cases) were all 
elective; for the most part removal of the 
retained foreign bodies in the chest wall or 
in the pulmonary parenchyma, and repair 
of one left diaphragmatic hernia being 
employed. All of the elective group were 
given from two to four months after date of 
injury before surgery was undertaken in 
order that all possibilities of intrathoracic 
infection and pleural reaction would be 
obviated. The diaphragmatic hernia was 
repaired five months after date of injury, 
allowing his compound fracture of the right 
tibia and crushing fractures of the second 
and third lumbar vertebrae to heal in the 
meantime. 

Removal of the metallic fragments did 
not present much of a problem. Bullets and 
large fragments in the lung were removed, 
since we share the opinion with others that 
these large pieces of metal will most likely 
in the near future cause inflammatory and 
abscess reaction. Many of the cases in this 
study had metal fragments the size of a pin- 
head and up to § by 10 by 15 mm. These 
were variously located in the soft tissue or 
lung and were considered small enough and 
safe enough to leave alone. A large number 
of the Class 1 and 11 cases have returned to 
duty with retained fragments. 

In the entire study it was surprising to 
note the small amount of reaction around 
the retained foreign bodies in just a few 
months following the injury. The missile 
tracts healed early, and the hemothoraces 
and effusions cleared without any cqm- 
plications arising around the retained 
fragments. This course was noted by clini- 
cal improvement and in the appearance of 
progressive roentgenologic examinations. 
It has often been mentioned in the Jitera- 
ture that many of these foreign body 
wounds, even though apparently healed 
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and without demonstrable reaction, could 
have retained pieces of clothing and other 
foreign material besides the metal carried 
into the wound. This is considered to be a 
source of later infection. Such has been our 
experience. One large shell fragment 2.5 by 
2 cm. removed from the left lung was well 
encased in fibrous tissue, but upon exami- 
nation of the removed specimen, small 
shreds of cloth were easily demonstrated 
on the metal. Another fragment apparently 
causing segmental pain and remoyed from 
an intercostal space contained a small 
amount of serous fluid in the fibrous cap- 
sule surrounding the metal. This did not 
communicate with the pleural cavity and 
the operative wound healed uneventfully. 

Just as in World War I, empyema today 
is a problem of a large number of chest 
injuries. Many of the Class 1 cases devel- 
oped empyema soon after injury. Forty-six 
cases of this class had empyema prior to 
admission and had been treated by closed 
intercostal catheter drainage, open thora- 
cotomy and some by multiple aspiration 
with re-injection of penicillin. It was neces- 
sary to establish an open drainage on 6 of 
this number after arrival at our hospital. 
Fifteen of the 46 cases have remained un- 
healed at this time, having reached the 
chronic stage and surgery for elimination 
of the empyema cavity is in progress. 

Results. Of this entire group, 101 men 
have been or will be discharged to full duty, 
7 to limited duty, while 55 have been or will 
be invalided from the service. 


SUMMARY 


1. Of a group of 165 cases of war wounds 
of the chest received from the Pacific com- 
bat zone, $7 required no further treatment; 
98 required treatment on arrival, while 10 
were treated by elective surgery. 

2. Hemothoraces should be aspirated 
early and often without air replacement. 

3. In general, large pulmonary metallic 
foreign bodies are removed and smaller 
ones, unless multiple, are left in situ and the 
men returned to duty. 

4. Of 136 hemothoraces, 46 developed 
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empyema; 31 of the latter have healed and 
1s have reached the chronic stage. 

"5. Roentgenological findings are pre- 
sented in detail. 


Henry L. Jaffe, M.D. 

4os N. Bedford Drive 

Beverly Hills, Calif. 
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HERNIATION OF GASTRIC MUCOSA 
INTO THE ESOPHAGUS 
REPORT OF A CASE* 

By JOSEPHINE WELLS, M.D. 


NEW YORK, NEW YORK 


BSTRUCTION of the lower third ot 

the esophagus above the cardiac orifice 
is usually due to a malignant neoplasm. 
Herniation of the stomach through the 
hiatus into the thorax is common. The pro- 
jection of the gastric mucosa into the lower 
end of the esophagus in such a way as to 
produce a dilatation of the esophagus and 
an obstruction simulating a neoplasm is 
rare. A search of the available literature 
has failed to disclose“a report of this condi- 
tion. 


Fic. 1. Two spot roentgenograms taken October 22, 
1944, of the lower end of the esophagus showing 
the rounded filling defect protruding upward into 
the barium column. 


CASE REPORT 


A man, aged sixty (Unit No. 659924), was 
admitted first to Presbyterian Hospital in New 
York City in November, 1941, for substernal 
pain. His electrocardiogram at that time 
showed no definite evidence of a coronary oc- 
clusion; on further work-up a positive stool 
guaiac test was noted, and gastrointestinal 
series revealed a duodenal ulcer. On one roent- 
gen examination in 1941 of the esophagus and 
stomach, it was noted that “‘the lower end of 
the esophagus is somewhat distorted but it may 
be due to an elongated liver tunnel.”’ A few 
days later the esophagus was rechecked and de- 
scribed as negative. The patient was discharged 
on an ambulatory ulcer diet. 

In March, 1942, he came in complaining of 
transitory attacks of substernal pressure and 
sticking of food at the level of the xiphoid off 
and on. A repeat gastrointestinal series was 
done and the esophagus was normal. Pyloro- 
spasm and a deformed duodenal bulb were 
noted. He continued to complain of trouble 
swallowing, however. In December, 1942, he 
was admitted with another episode of gastro- 
intestinal bleeding. 

In March, 1943, gastrointestinal series again 
showed a normal esophagus and a deformed ir- 
ritable duodenal bulb without evidence of a 
crater. In June, 1943, the patient had his third 
bleeding episode, and a subtotal gastrectomy 
with an antecolic gastroenterostomy was per- 
formed. He was fairly asymptomatic with no 
note of substernal pain until August, 1944, 
when he again was troubled with tightness and 
discomfort in his chest after swallowing. Some- 
times he would be uncomfortable for fifteen to 
twenty minutes after swallowing and find relief 
only from vomiting. 

He was readmitted here on October 21, 1944, 
with a history of inability to swallow anything 
for approximately twenty-four hours. Roent- 
genoscopy and spot roentgenograms of the 
esophagus (Fig. 1) showed that the barium 


* From the Department of Radiology of the College of Physicians and Surgeons, Columbia University, and the Radiological Ser- 


vice of the Presbyterian Hospital, New York. 
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column was obstructed by a rounded filling de- 
fect about 5 cm. above the diaphragm. The 
esophagus was slightly dilated above this ob- 
struction. The examination was_ repeated 
twenty-four hours later with essentially the 
same findings. A small amount of the barium 
given the day before had reached the colon. The 
findings suggested either a cardiospasm with a 
large piece of meat above the obstruction, or a 
large neoplasm. 

On October 24, 1944, three days after admis- 
sion, he was esophagoscoped. ‘About 43 cm. 
from the upper teeth a fungating mass was seen 
springing from the left lateral and posterior 
walls of the esophagus. The lumen of the esoph- 
agus was very narrowed, so much so that the 
suction tube could not be passed. A biopsy was 
taken from this area.” This biopsy showed 
normal stomach mucous membrane, with the 
morphology of the glands consistent with that 
expected in tissue from the area of transition 
between stomach and esophagus. The esopha- 
goscopy was repeated on October 31, 1944. A 
No. 9 esophagoscope was passed. ““There was a 
stricture at the level of the diaphragm through 
which the esophagoscope could not be passed. 
The stricture was due to a projecting polyp-like 
mass from which a biopsy was taken. After this 
the esophagoscope was removed and a No. 7 
esophagoscope introduced and the mass previ- 
ously described was brought completely into 
view. Another specimen was then taken. The 
lumen of the esophagus was .completely oc- 
cupied with this projecting mass.” This biopsy 
showed normal mucous membrane of the esoph- 
agus in the cardiac portion. On November 6, 
1944, the patient was able to swallow ground 
meat for the first time since the onset of symp- 
toms about sixteen days before. On November 
8, 1944, roentgenoscopy and roentgenograms of 
the esophagus showed no delay in the passage 
of the barium (Fig. 2). ‘““There was a transient 
ballooning of the distal portion of the esophagus 
which seemed to be quite flexible and would not 
retain barium for any degree of time. I believe 
there is a slight herniation of the stomach 
through the hiatus and there is a short esopha- 
gus.” The patient was discharged and has been 
seen frequently in the clinic since. He was seen 
last in December, 1945, over a year after his 
acute episode, and at that time he had no com- 
plaints except occasional belching. 


COMMENT 
A case of esophageal obstruction lasting 
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Fic. 2. Two spot roentgenograms of lower end of the 
esophagus taken November 8, 1944, showing no 
obstruction. 


about sixteen days, and demonstrated both 
by the roentgen ray and two esophago- 
scopies, is presented. Two biopsies of the 
mass seen obstructing the lower end of the 
esophagus about § cm. above the level of the 
diaphragm showed normal mucous mem- 
brane of, on one occasion, stomach, and the 
other, esophagus, both near the cardia. 
Subsequent examination suggested a small 
hiatus hernia. The only suggestion that we 
can offer is that this man’s swallowing 
symptoms were related to his hernia, that, 
as he stated in the history, he occasionally 
vomited to relieve his symptoms, and that 
he had strained sufficiently to herniate his 
stomach into the lower end of his esopha- 
gus. 


SUMMARY 


A case of esophageal obstruction due to 
herniation of gastric mucosa into the esoph- 
agus is presented. 


622 West 168th St. 
New York 32, N. Y. 
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RIGHT-SIDED THORACIC STOMACH 


By J. GEORGE TEPLICK, M.D. 
Assistant Radiologist, Fefferson Hospital 


and 


STANLEY H. MACHT, M.D. 


Assistant Radiologist, Fefferson Hospital 
PHILADELPHIA, PENNSYLVANIA 


IGHT-SIDED thoracic stomach is a 

rare anomaly. Only about 5 per cent 
of diaphragmatic hernias are right sided, 
and the majority of these do not contain 
stomach. Right-sided hernias are mostly of 
the parasternal type (via the foramen of 
Morgagni) and, according to Ritvo and 
Peterson,! never contain stomach or duo- 
denum. The right parasternal hernial con- 
tents are most frequently the omentum 
and the transverse colon. Less commonly, 
ascending colon, cecum, appendix, and 
terminal ileum may be found.' 

The following are reports of 6 cases of 
right-sided thoracic stomach seen within 
the last year at Jefferson Hospital, Phila- 
delphia, Pennsylvania, and the United 


States Public Health Service Dispensary, 
Washington, D.C. 


REPORT OF CASES 


Case1. G. L. O., white female, aged twenty, 
has always been well except for minor digestive 
disturbances. Since childhood, she has noted 
fullness in the epigastrium immediately after 
eating, which would disappear in thirty to 
sixty minutes. Heart burn often appeared 
shortly after eating, but this could be avoided 
by small meals at frequent intervals. As a re- 
sult, she has always followed a regimen of 
frequent small meals, and has never consulted 
a physician about the distress. Except for 
pertussis at nineteen months, the past history 
was irrelevant. 


Fic. 1. Case 1. 


Fic. 2. Case 1. 
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A 35 mm. photofluorographic film, made 
routinely on all civil service applicants, re- 
vealed a rounded density in the right lower 
chest, containing some vague gas shadows. 
Follow-up studies showed the bulk of the stom- 
ach in the right chest, with the antrum passing 
through the esophageal hiatus into the abdo- 
men. The duodenal bulb was in its normal 
position. The esophagus turned to the right at 


Fic. 3. Case 1. 


the level of the seventh dorsal body, going 
directly to the gastric fundus. Postural changes 
produced little change in the position of the 
stomach (Fig. 1, 2 and 3). 


Case 11. P. F., female, white, aged twenty, 
in the course of routine chest 35 mm. film, was 
found to have a rounded mass in the right 
lower chest, with an air and fluid level. Further 
studies with barium revealed the stomach in 
the right lower chest, with the fundus posterior, 
and the antrum well anterior. The pylorus 
dipped into the abdomen about half way be- 
tween the spine and the anterior abdominal 
wall. No right diaphragm could be identified 
on the films, or roentgenoscopically. It was felt 
that a good portion of the right diaphragm was 
absent. Other gas shadows were seen below the 
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Fic. 4. Case 1. 


stomach on the right, but the patient refused 
further study. The esophagus was shortened, 
and deviated posteriorly and to the right at the 


Fic. 5. Case m1. 
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Fic. 6. Case u. 


level of the 8th dorsal body, directly entering 
the displaced fundus (Fig. 4, 5 and 6). 

The patient had been aware of the anomalous 
position of the stomach. This was discovered 
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when she was three weeks old, and she had 
been vomiting persistently since birth. Through- 
out childhood, she was subject to frequent 
vomiting, usually directly after a full meal. 
Small and frequent feedings prevented this di- 
gestive disturbance, although some epigastric 
fullness and hiccoughing still often occurs after 
eating, but lasts only a few minutes. 


Case 111. A. P., male, white, aged sixty-four, 
has been in excellent health. Since childhood, 
occasional attacks of “‘bloating” have occurred 
after a heavy meal, but never severe enough to 


Fic. 8. Case 11. 


cause him to consult a physician. This disten- 
tion is relieved by belching. 

A 4 by § inch chest roentgenogram made in 
the course of an industrial survey revealed a 
large collection of gas overlying a fluid level 
in the right lower chest, adjacent to the heart. 
No gas bubble could be seen under the left 
diaphragm. The possibility of a right-sided 
thoracic stomach was suggested and confirmed 
by oral barium studies (Fig. 7, 8 and 9). 

The entire stomach was in the right chest. 
The fundus was in the midline and the antrum 
to the right and slightly posterior, giving the 
viscus the appearance of an inverted horse- 
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shoe. The esophagus deviated from its usual 
course at the level of the seventh dorsal verte- 
bra and emptied into the fundus slightly pos- 
terior and lateral to the midline. Theantrum 
passed through the esophageal hiatus, emptying 
into the duodenum immediately beneath the 
diaphragm. The remainder of the intestinal 
tract was normal. The position of the stomach 
was not altered by posture. The right dia- 
phragm moved freely on respiration. 


Fic. 9. Case 111. 


Case 1v. A man, white, aged thirty-four, was 
admitted to the hospital because of gyneco- 
mastia associated with Fréhlich’s syndrome. 
There were no gastrointestinal complaints. On 
the routine preoperative chest roentgenogram 
was seen a rounded mass of homogeneous den- 
sity adjacent to the right cardiac border. No 
gas bubble could be seen under the left dia- 
phragm. The possibility of right-sided thoracic 
stomach was suggested and confirmed by 
gastrointestinal study (Fig. 10, 11 and 12). 

The esophagus deviated from its usual course 
at the level of the sixth dorsal vertebra, passed 
far to the right of the midline and directly 
entered the fundus of the stomach from the 
right side. The stomach then passed obliquely 
downward to the left with its upper half above 


Fic. 10. Case Iv. 


the right diaphragm, its mid-portion passing 
through the diaphragm, and its lower half 


Fic. 11. Case Iv. 
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Fic, 13. Case v. 
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lying in the abdomen. There was no obstruction 
to the flow of barium. When the patient was in 
the recumbent position the barium fluctuated 
between the fundus and antrum with respira- 
tion. The duodenum was in its normal position. 
The stomach emptied readily and the remain- 
der of the gastrointestinal tract was normal. 


Case v. In the course of a routine miniature 
chest film of this thirty year old white woman, 
a density was seen in the right cardiophrenic 
angle, with a linear edge and with vague gas 
shadows within the density. No gastric gas 
bubble was present. The suspicion of right- 
sided thoracic stomach was confirmed by 
barium study (Fig. 13, 14 and 15). 

The entire fundus was in the right chest, 
close to the midline on the anteroposterior 
view, assuming a “C” shape. The esophagus 
entered the upper edge of the “‘C”, and was 
apparently shorter than normal. The lower 
limb of the “‘C” passed through the esophageal 
hiatus, and the remaining portion of the stom- 
ach was normally situated beneath the left 
diaphragm. The duodenum and remaining por- 
tions of the intestinal tract were normal. 

No gastrointestinal complaints were elicited 
from the patient, nor were there any significant 
facts in her past history. 


Case vi. This forty-six year old white man 


Fic. 16. Case vi. 
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Fic. 17. Case vi. 


was not seen or examined by either of us, but 
his roentgenograms found in a previous survey 
collection. The only history obtainable was the 
surprising paucity of gastrointestinal com- 
plaints. The chest roentgenogram revealed a 
large semicircular density in the right lower 
chest, with an air and fluid level. The usual 
gas bubble beneath the left diaphragm was 
absent. Barium studies proved this mass to be 
the entire stomach in the right lower chest, 
with the duodenum in its normal abdominal 
position. No lateral views were available to 
indicate through which portion of the dia- 
phragm the stomach passed (Fig. 16 and-17). 


A good working classification of dia- 
phragmatic hernias was given by Harring- 
ton? and by Ritvo and Peterson.’ Cases are 
divided into the non-traumatic and the 
traumatic types, as follows: 


A. Non-traumatic 
1. Congenital 
a. Through esophageal hiatus 
b. Through pleuroperitoneal foramen 
of Bochdalek 
c. Through absent or defect in dome 
of diaphragm 
d. Through foramen of Morgagni 
(parasternal hernia) 
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2. Acquired 
a. Through esophageal hiatus 
b. Through pleuroperitoneal foramen 
c. Through foramen of Morgagni 
B. Traumatic—commonest through the pos- 
terior portion of the diaphragm 


The acquired non-traumatic types are 
thought to result from normal increases in 
intra-abdominal pressure (as coughing, 
lifting, etc.), associated with congenitally 
weak or enlarged foramina. Hernias 
through the foramen of Bochdalek are 
uncommon in adults. In infants these 
herniations are often massive and fatal. 
The parasternal hernias are usually on the 
right side, but practically never contain 
stomach.! 

All our reported cases are of the non- 
traumatic type. Case 11 was undoubtedly 
of congenital origin, with an absent or 
poorly developed right diaphragm; diag- 
nosis was made at three weeks of age. Four 
of the cases showed the esophageal hiatus 
to be the site of “herniation.” It is impos- 
sible to be certain whether these are con- 
genital or acquired. The history and ab- 
sence of gastric mobility favors a congenital 
etiology. Data are inadequate in the sixth 
patient. 

The clinical findings in these patients 
were surprisingly few. The mild indigestion, 
mainly epigastric fullness for a short time 
after meals, was not severe or progressive; 
the patients felt no need for medical advice. 
In 3 of the patients there were no gastro- 
intestinal symptoms. It is of interest that 
our patient with the absent or poorly 
developed right diaphragm was subject to 
attacks of hiccoughing immediately after 
large meals. 

The roentgen diagnosis of right-sided 
thoracic stomach by oral barium study 
requires no comment. It is, however, in+ 
portant to suspect this diagnosis on roent- 
genograns of the chest where a rounded 
density appears at the right base and where 
there is no gastric air bubble under the 
left diaphragm. All the reported cases were 
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uncovered through routine roentgenograms 
of the chest; § of these were miniature pos- 
teroanterior chest films made in surveys. 

Where there is an air-fluid level in the 
density, lung abscess or infected air cyst 
will enter the differential diagnosis, Neo- 
plastic disease may be considered where the 
density appears mcre homogeneous. In 
Case Iv only was gas completely absent on 
the original chest roentgenogram. The den- 
sity at the right base showed air-fluid level 
in 3 of our patients; in the other 2, gas 
shadows without fluid levels were found. 

Neither medical nor surgical treatment 
was necessary in any of the patients, in 
view of the minimal and non-progressive 
nature of the symptoms. 


SUMMARY 


1. Six cases of right-sided thoracic 
stomach in adults are reported. All were of 
the non-traumatic type, and most were 
probably of congenital origin. In four cases 
the stomach passed through the esophageal 
hiatus; in one patient the right diaphragm 
was absent or poorly developed. 

2. None of the patients had severe 
or progressive gastrointestinal symptoms. 
Three had had mild symptoms since child- 
hood, while three were completely asymp- 
tomatic. 

3. In all cases the diagnosis was sus- 
pected from routine roentgenograms of the 
chest (five were miniature chest films in 
surveys). A rounded density in the right 
lower chest, with or without gas shadows, 
and absence of the gastric gas bubble under 
the left diaphragm were characteristic 
findings in all the chest roentgenograms. 


1923 Spruce St. 
Philadelphia 3, Pa. 
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COMMON PECULIARITIES OF PATIENTS WITH 
ADENOCARCINOMA OF THE ENDOMETRIUM* 


WITH SPECIAL REFERENCE TO OBESITY, BODY BUILD, 
DIABETES AND HYPERTENSION 


By WILLIAM T. MOSS, M.D. + 


COLUMBIA, MISSOURI 


ERTAIN coincidental factors in carci- 

noma of the endometrium have been 
widely noticed and recorded. Others have 
been mentioned only incidentally. This 
work is based on a review of the literature 
and a detailed study of 23 consecutive cases 
of carcinoma of the endometrium admitted 
to The Ellis Fischel State Cancer Hospital 
during 1944 and 1945. Our purpose is to 
emphasize the peculiarities which are com- 
mon to these patients and, in particular, 
the frequency among them of diabetes, obe- 
sity and hypertension. We have made a 
study of the body build of these patients 
and, in addition, in each case the laboratory 
investigations included basal metabolic 
rate, glucose tolerance tests, and blood cho- 
lesterol. The presence of adenocarcinoma 
of the endometrium was confirmed by bi- 
opsy in every case. 

Age. The average age of our patients was 
61.2 years, while the literature reports the 
highest incidence in the sixth and seventh 
decades. This is about one decade higher 
than the average age of cases of carcinoma 
of the cervix. The distribution of cases in 
the various decades is shown in Figure 1. 

Race. Scheffey, Thudium and Farell*® 
found a higher incidence of carcinoma of 
the endometrium in Jewish women than in 
Gentile women. No other racial differences 
have been noted. Our small series does not 
allow such a differentiation. 

Parity. Unlike carcinoma of the cervix, 
carcinoma of the endometrium is not re- 
lated to parity. Of the 23 patients in our 
series, 20 were married. The average num- 
ber of children among the entire group was 
1.5. Ten of these patients were nulliparous. 


Scheffey, Thudium and Farell*® found 35 
per cent of their series nulliparous, and 
Healy and Brown" reported 36 per cent. 
Menopause. Carcinoma of the endome- 
trium occurs more often after the meno- 
pause. This was found to be true in all 
series reviewed. However, it may not be as 
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Fic. 1. Percentage of cases of cancer of the endo- 
metrium at different ages. 


markedly postmenopausal as anticipated. 
There is much evidence that the menopause 
may be delayed in the average case of en- 
dometrial carcinoma. The frequency of late 
menopause in carcinoma of the endome- 
trium is pointed out in Table 1. Although 
Randall® also found this to be true, Mas- 
son and Gregg” and Taylor and Millen* 
did not encounter this relationship. In these 
cases, irregular vaginal bleeding occurring 
after the menopause may very well be a 


* From the Department of Radiotherapy (Juan A. del Regato, M.D.) and the Department of Pathology (Lauren V. Ackerman, 
M.D.) of The Ellis Fischel State Cancer Hospital, Columbia, Missouri. 


t Now Captain, Medical Corps, Army of the United States. 
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result of the malignancy and may be misin- 
terpreted by the patient as being a contin- 
uation of normal menses. For this reason, 
in cases of carcinoma of the endometrium 
it is very easy to obtain a false history 
of delayed menopause. Crossen and Hobbs* 
feel, although they have no figures to 
prove it, that cases of late menopause 
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AGE AT THE MENOPAUSE 
AND 


Age of Cc Normal 
M arcinoma 
enopause 2,291 
56 cases 

36-40 2% 12% 

40-45 4% 26% 

45-50 30% 41% 
60% 15% 
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have a higher incidence of cancer of the 
endometrium than those of early meno- 
pause. Apparently, however, there is a little 
difference in the age of onset of the menses 
in patients with carcinoma of the endome- 
trium. One hundred consecutive women 
admitted to The Ellis Fischel State Cancer 
Hospital with postmenopausal diseases un- 
related to the female genital system had 
their menarche at an average age of four- 
teen years and their menopause at an aver- 
age age of forty-seven years. This is an 
average of thirty-three years menstruation. 
The 23 patients with endometrial carci- 
noma had their menarche at an average age 
of twelve, their menopause at an average 
age of forty-nine, and menstruated for an 
average of thirty-seven years. With the 
small number of cases involved, this differ- 
ence is of questionable significance. 
Leiomyomas. The literature contains 
many reports regarding the frequency of 
leiomyomas of the uterus coincident with 
carcinoma of the endometrium. Healy and 
Brown," 38 per cent; Stacy,* 33.4 per cent; 
Morrin,” 35.2 per cent; and Scheftey, Thu- 
dium and Farell,?® 37.8 per cent. In our 
series the incidence of leiomyomas was 44 
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per cent. Our figure was obtained from 
surgically removed uteri only, and all sizes 
of leiomyomas were included. 

The frequency of leiomyomas of the uter- 
us is not available from the literature, 
Frank,® in reviewing the work of Klob, re- 
ported that 40 per cent of all women over 
fifty years of age have uterine leiomyomas. 
Randall* found that of 729 patients over 
forty suffering from abnormal vaginal 
bleeding, 50.9 per cent had grossly palpable 
leiomyomas. He found an incidence of 2.12 
per cent of endometrial carcinoma in those 
with uterine myomas, and an incidence of 
2.43 per cent endometrial carcinoma in 
those without leiomyomas. From these fig- 
ures, it seems evident that leiomyomas of 
the uterus do not necessarily predispose to 
the development of endometrial carcinoma. 
Warton** has emphasized that leiomyomas 
are dependent upon ovarian stimulation. 

Estrogenic Stimulation. The etiologic sig- 
nificance of estrogenic stimulation in carci- 
noma of the endometrium is by no means 
settled. As TeLinde*’ has pointed out, con- 
tradictory reports have been published 
because of the difference in the interpreta- 
tion of what constituted the minimum his- 
topathologic changes necessary for making 
a diagnosis of hyperplasia. Novak and Yui™ 
thought that postmenopausal hyperplasia 
predisposed to endometrial carcinoma, but 
more recently, Fahlund and Broders? failed 
to confirm this relationship. The latter not 
only reviewed the literature on this subject 
but studied 236 postmenopausal uteri, of 
which 86 contained adenocarcinoma. They 
reported a higher incidence of atrophic en- 
dometrium and fewer cystic changes in 
adenocarcinomatous uteri than in non-car- 
cinomatous uteri. 

Studies of the ovaries in endometrial car- 
cinoma have failed to reveal any significant 
consistent ovarian abnormalities. Jones and 
Brewer" studied the ovaries and endome- 
triums of 68 cases and found cysts of the 
ovaries and cystic glandular hyperplasia to 
be unrelated to carcinoma of the endome- 
trium. Geist and Salmon’? used large doses 
of estrogen over long periods of time with- 
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out evidence of abnormal proliferation of 
endometrium. Jones and Brewer" also cited 
experimental work on the rat, guinea pig, 
mouse, rabbit, and monkey, which despite 
relatively large doses of estrogen for long 
periods of time have alone failed to produce 
any evidence of endometrial carcinoma. 
These facts suggest that hyperestrinism or 
the unopposed action of estrin has little if 
any etiologic importance in carcinoma of 
the endometrium. A statement which does 
not support this thesis has been made by 
Herrell,'"? who found no case in his own 
series or in the literature in which carci- 
noma of the endometrium developed fol- 
lowing surgical castration. However, in 
1941, Smith* reported 3 cases of carcinoma 
of the endometrium occurring at least fif- 
teen years following bilateral oophorec- 
tomy. 

Fstrin-secreting ovarian tumors are not 
infrequently accompanied by endometrial 
carcinoma. Hodgson, Dockerty and Mus- 
sey’? reported 62 cases of granulosa cell 
tumor, of which 8 (12.9 per cent) had coin- 
cident carcinoma of the uterine fundus. 
Dockerty’ previously reported an incidence 
of 10 per cent of carcinoma of the endome- 
trium in 32 cases. Banner and Dockerty' in 
reviewing 23 cases of theca cell tumors of 
the ovary, found 4 cases (22 per cent) of 
concomitant endometrial carcinoma, while 
Dockerty’ found only 1 out of 10 cases of 
theca cell tumor. 

Unique is Case 2 of Stohr’s** in which a 
patient with coincidental granulosa cell tu- 
mor and endometrial carcinoma (diagnosed 
by curettage) had the involved ovary re- 
moved. Six weeks later, the menses were 
normal and a second curettage revealed a 
normal endometrium. No recurrence was 
evident after five years. 

Other than the rare coincidental granu- 
losa or theca cell tumors of the ovary, no 
significant ovarian abnormalities have been 
reported in fundal carcinoma. In most 
cases, as shown by Jones and Brewer" and 
Ingraham, Black and Rutledge,” the ova- 
ries are either normal or are found partially 
or completely atrophic. The bulk of evi- 
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dence favors the work of Jones and Brewer; 
and it would seem, as they point out, that 
normally functioning ovaries cannot be 
shown to produce carcinoma of the endo- 
metrium and that hyperestrinism or the 
unopposed action of estrin is not respon- 
sible for such development in the great ma- 
jority of cases. Certainly this relationship 
should be studied more carefully before 
estrogen can be accused of being even an 
occasional carcinogen. 


BODY TYPES 


In certain body types or builds, gastro- 
duodenal ulcers and thyrotoxicosis are 
found; while in other builds cardiovascular 
disorders, nephritis, diabetes, gallbladder 
abnormalities, and cirrhosis of the liver are 
found.” As Robinson” has pointed out, this 
association does not imply that it is the 
build which produces the selectivity of the 
disease. Rather, “the build is the gross 
morphological expression of a deep-seated 
‘genotypic’ change of the neuroendocrine 
system and the biochemical reactions of the 
entire body.” 

Tannebaum* has reported a correlation 
between caloric intake and tumor incidence 
in mice. He compared groups of mice fed 
diets varying only in carbohydrate content. 
The incidences of spontaneous breast tu- 
mors, chemically produced carcinomas of 
the skin, and chemically produced sar- 
comas were studied. Animals receiving the 
calorie-restricted diet showed a decrease in 
the total number of each type of tumor and 
a delay in their time of appearance. By ana- 
lyzing the statistics of life insurance compa- 
nies Tannenbaum* has found that over- 
weight persons past middle age are more 
likely to die of cancer than are persons of 
average weight. However, he points out 
that the relationship between cancer and 
body weight is not necessarily a direct one: 
“Tt may be, and in uncompleted experi- 
mental work there is evidence for it, that 
some of the factors controlling weight are 
of more direct significance than weight it- 
self, the latter being merely a resultant of 
these forces.” 
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Obesity has been noted as a frequent com- 
plication of carcinoma of the endometrium, 
but it has usually been referred to only as a 
factor hindering operability. Thus Scheffey 
and Thudium?* mentioned it, but not its 
frequency. Frank** mentioned that 35 per 
cent of his patients were obese, but did not 
state what constituted obesity. Morrin and 
Max” noted “‘a high percentage of obese 
females,” and Smith* noted that 28 per 
cent weighed 160 pounds or over. Cors- 
caden‘ stated that “There is a large number 
of these females who have small hands and 


Taste II 
BODY BUILD 
Linear | Lateral} 
Linear | Inter- | Inter- | Lateral 
|mediate mediate, 
Light I 
6.00 
Medium | 2 2 | 1 | 4 
6.99 | | 
PI 
Heavy 2 14 
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feet and large hips.”’ He suspected these ab- 
normalities were manifestations of endo- 
crine disturbances. 

In our series of 23 patients, the average 
weight was 187 pounds, and, by using a 
standard table of average normal weights 
based on age and height alone, 17 were 10 
per cent or more above average normal 
weight; 4 were of normal average weight, 
and 2 were Io per cent or more below aver- 
age normal weight. The more detailed 
method of determining and recording body 
types (somatotyping described by Sheldon, 
Stevens and Tucker*®) was not used in 
this series. Somatotyping requires consid- 
erable specialized training, but it would 
enable more accurate description of body 
type. 

By using the build index, 1.e., chest 
circumference/height as described by Rob- 
inson,”’ 3 patients were found to be of linear 
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build, 2 of linear intermediate build, 3 of 
lateral intermediate build, and 15 of lateral 
build. 

The ponderal index was calculated for 
each individual, using the formula: 


weight X 100 = 
height Xchest circumference’ 


As Robinson has pointed out, this mcdified 
ponderal index adjusts for height and 
width, allowing the taller or broader person 
to carry more weight and the shorter or 
more slender person to carry less weight 
and be classified as normal. Thus, 16 of our 
patients were heavyweights; 6 were medi- 
umweights; and 1, lightweight. 


The great majority of patients with endo- 


metrial carcinoma are of the lateral build, 
heavyweight type (Table 1). Fourteen of 
our patients (61 per cent) showed both of 
these characteristics. Body build is de- 
termined by three and possibly four sepa- 
rate genetic factors.® Sheldon, Stevens and 
Tucker*®® suggest that endocrine function 
may play some role in determining body 
type but its relative importance is un- 
known. They ask the question. “Is the 
problem of interbalancing of the internal 
secretions and of the relative dominance of 
different endocrine elements in the body 
rather a reflection than a cause of a deeper 
and more general balancing of constitu- 
tional components?” 

Diabetes. Diabetes has been mentioned in 
the literature just as has obesity; namely, 
as a factor producing inoperability. Schef- 
fey and Thudium’’ report 11 per cent dia- 
betes in their series, and comment on it as 
follows: ‘““The association between diabetes 
and carcinoma of the endometrium is not 
surprising when we consider that the obes- 
ity present in so many patients may predis- 
pose to, or be associated with the former 
disease.” Marble®® reviewed 256 cases of 
malignant diseases of all types in which 
diabetes was known to be present. He found 
33 carcinomas of the uterus in 151 females, 
an incidence of 22 per cent (carcinoma of 
the cervix and endometrium were not re- 
corded separately). Carcinoma of the cervix 
and endometrium together make up about 
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30 per cent of all cancer in women.® Marble 
believes that cancer does not predispose to 
diabetes and diabetes does not predispose 
to cancer, but that both diseases occur 
more frequently in the aged. The number of 
carcinomas of the endometrium present in 
his series, however, was undoubtedly small. 

Glucose tolerance tests were done on all 
our patients (1.75 gm/kilo. glucose given 
orally, and venous blood samples were 
drawn after 3, 1, 2, 3, and 4 hour intervals). 
Five patients showed relatively severe dia- 
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composite graph of the glucose tolerance for 
the entire group. 

In view of the work of Joslin’® in classi- 
fying diabetes according to obesity, it is not 
surprising to find a number of diabetics in a 
group of obese women. As shown here, the 
incidence of diabetes in endometrial carci- 
noma is high. Whether this is the percent- 
age of diabetes found in women with nor- 
mal endometriums, of the same age, build, 
and weight is doubtful. Kisch’® reports that 
15 per cent of the women aged fifty-five 
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Fic. 2. Composite graph of glucose tolerance tests. 


betes with the maximum rise of the glucose 
tolerance curve going above 250 mg. per 
100 cc., and in 4 of these cases, it remained 
above 1 50 mg. per 100 cc. for four hours. 
There was moderate alteration of the curve 
with an elevation above 180 mg. per 100 cc. 
(usually considerably higher) and a blood 
sugar level after four hours above 140 mg. 
per 100 cc. in 4 cases. Six patients had a 
mild diabetes with a maximum rise slightly 
above 180 mg. per 100 cc. and/or with a 
three hour blood sugar level above 120 mg. 
per 100 cc. Five showed a rise-in blood sugar 
levels to between 170 mg. per 100 cc. and 
180 mg. per 100 cc. with three hour levels 
between 100 and 120 mg. per 100 cc. The 
remaining 3 had levels falling below the 
last group. Four patients gave a family 
history of diabetes. Figure 2 shows the 


with “alimentary corpulence develop dia- 
betes and 50 per cent of those with pro- 
nounced constitutional obesity develop it.” 
In our series, the average age was sixty-one 
and, by the method of Robinson,” 16 were 
heavyweights. Yet, of these 16, 13 showed 
abnormal glucose tolerance curves (maxi- 
mum blood sugar level above 180 mg. per 
100 cc. with maintained elevated level after 
three hours above 120 mg. and 8 showed 
moderate or severe diabetes. John" re- 
ported that 65.8 per cent of 172 obese males 
and females (ages not stated) showed ab- 
normal glucose tolerance curves. Ogilvie” 
found that abnormal glucose tolerance 
was related to the duration of obesity 
and thus explained the fact that all obese 
persons are not diabetic. Of the 15 showing 
abnormal glucose tolerance curves, 13 pre- 
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sented heavyweight characteristics, and of 
these 13, all but one had been at least 10 
per cent above the average normal weight 
for their age and height during the preced- 
ing twenty years. Regardless of the inci- 
dence of obesity in this series, the number 
of diabetics present cannot be accounted 
for. 

Hypertension. Hypertension, just as obes- 
ity and diabetes, has been noted only as a 
factor of inoperability in the various series 
of carcinoma of the endometrium. No spe- 
cific figures of incidence, however, have 
been presented. Of our 23 cases, 18 had ab- 
normally high blood pressures (systolic 
pressure above 140 and/or diastolic above 
go). Twelve of these 18 had lateral body 
builds and 3 more had lateral intermediate 
builds. The average blood pressure of the 
entire group was 164/87. 

Although it has long been thought that 
obesity was an important factor in the pro- 
duction of hypertension, the extensive 
work of Robinson” on this subject empha- 
sizes the fact that body build is usually the 
most important influencing factor. They 
have shown that when the weight is care- 
fully held constant, both mean systolic and 
mean diastolic pressures significantly in- 
crease as the body type broadens out into 
the lateral or broad build. The broad- 
chested individuals in the lateral build 
group have a higher average blood pressure, 
a greater incidence of hypertension, and a 
lower incidence of low blood pressure than 
do the linear or slender builds. He concludes 
that hypertension is a part of the broad- 
chested person’s endowment; and, although 
obesity too is a part of the same pattern, it 
is not the influencing factor in hyperten- 
sion. The large percentage of lateral build 
individuals in carcinoma of the endo- 
metrium undoubtedly accounts for the fre- 
quency of hypertension, if one accepts the 
work of Robinson. 

The basal metabolic rate in our group 
varied from +62 to —11 per cent, the 
average being +9 per cent. Seven patients 
had abnormally high rates and one was ab- 
normally low, but no definite correlation 
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between these and the previously described 
factors could be detected. 

Blood cholesterols were performed on all 
patients by using the Bloor method,? in 
which the upper limit of normal values was 
200 mg. per 100 cc. An average value of 286 
mg., a maximum value of 377 mg., and a 
minimum value of 173 mg. were obtained. 
No correlation was found between these 
values and the presence of obesity, dia- 
betes, or hypertension except that 3 out of 
4 patients with values below 250 mg. per 
100 cc. were not obese and showed only 
slight abnormalities in their glucose toler- 
ance curves. 


SUMMARY 


Obesity, a heavy lateral body build, hy- 
pertension, and diabetes are found rather 
frequently in patients with carcinoma of 
the endometrium. Obesity is known to be 
an important etiologic factor in diabetes. 
The tendency to be overweight frequently 
accompanies the type of body build in 
which hypertension and carcinoma of the 
endometrium are most often found. Body 
build seems to be the most important single 
factor. It is not to te implied that the 
lateral body build produces cancer of the 
endometrium, but that perhaps the same 
factor or factors produce or permit both 
states in the same individual. It follows 
that postmenopausal bleeding in the obese, 
hypertensive woman who has a diabetic 
tendency should be studied more carefully 
than in the thin lateral build individual, in- 
asmuch as carcinoma of the endometrium 
is found more frequently in the former type. 


I wish to thank Dr. Juan A. del Regato who 
pointed out the frequency of diabetes, obesity, and 
hypertension in his patients with carcinoma of the 
endometrium. This observation originated this 
study. 


Department of Radiotherapy 
Ellis Fischel State Cancer Hospital 
Columbia, Mo. 
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ROENTGEN TUBE POTENTIALS IN 
DIAGNOSTIC ROENTGENOLOGY 


By RUSSELL H. MORGAN, M.D. 


BALTIMORE, MARYLAND 


N RECENT months the Tuberculosis 

Control Division of the United States 
Public Health Service has been conferring 
with representatives of the roentgen-ray 
industry to promote standardization in the 
basic design of roentgenographic equipment 
used in tuberculosis case-finding.! Among 
several subjects under discussion has been 
one concerning the standardization of the 
terminals of high voltage cables. As is well 
known, each manufacturer of roentgen 
equipment, at present uses a cable termi- 
nation which differs in one or more ways 
from those of other manufacturers. This 
situation has frequently been the cause of 
serious difficulty and inconvenience in 
servicing and maintaining the roentgen 
equipment of the Tuberculosis Control 
Division. It has been often responsible for 
similar trouble in the Army and Navy and 
in other agencies operating large quantities 
of roentgen apparatus. The multiplicity of 
cable designs has also been of some concern 
to the individual roentgenologist for it has 
greatly limited his freedom in selecting the 
equipment which will optimally meet his 
requirements and has increased unneces- 
sarily the cost of that equipment. 

The roentgen-ray industry appears to be 
sympathetic toward a program whereby 
standardization of cable terminal design 
may be achieved. It has, however, ex- 
pressed a reluctance to adopt a particular 
design until the voltage range that will be 
required in diagnostic roentgenology during 
the next several years is clarified. Recently 
there have been several indications that 
voltages in excess of 100 kv. (peak) are 
desirable in this field. It has been shown, 
for example, that in fluoroscopy, the 
roentgen dosage received by a patient 
decreases significantly as the kilovoltage 
is increased when a particular screen bright- 
ness level is maintained. It is also known 


that efficiency of roentgen-ray production 
in a roentgen tube improves when the kilo- 
voltage is increased. Advantage of this fact 
might well be taken in mass roentgenog- 
raphy of the chest where one frequently 
operates close to the capacity of the roent- 
gen machine. Furthermore there are several 
investigators who have been experimenting 
with high voltage techniques in general 
roentgenography and who believe there is 
an advantage in using these techniques in 
some types of examination. 

If the trend is toward the use of higher 
voltages in diagnostic roentgenology, such 
a trend obviously should be taken into 
consideration by the roentgen-ray industry 
before it adopts a particular high voltage 
cable terminal design. Otherwise many of 
the advantages of the standardization 
would be lost by the design becoming obso- 
lete within a few years. 

If an effort to determine as closely as 
possible the kilovoltage range which will 
be required in diagnostic roentgenology 
within the foreseeable future, the Radi- 
ology Section of the Tuberculosis Control 
Division has undertaken a quantitative 
investigation of the several phases of the 
problem. From the results of this study, 
the roentgen-ray industry has tentatively 
agreed to proceed with a program of cable 
terminal standardization. 

The investigation undertaken by this 
laboratory has involved the study of three 
problems; (a) the effect of kilovoltage on 
the quality of roentgenographic and roent- 
genoscopic images; (4) the effect of kilo- 
voltage on the efficiency of roentgen-ray 
production, and (c) the effect of kilo- 
voltage on the roentgen dosage received by 
a patient during roentgenoscopy 

(a) Effect of Kilovoltage on Quality of 
Roentgenographic and Roentgenoscopic Im- 
ages. It is well known that the interpreta- 
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bility of a roentgenographic or roentgen- 
oscopic image is dependent, in part, on 
the contrast which the image exhibits. In 
general, high contrast levels are consistent 
with excellent interpretability and low 
contrast levels with poor interpretability. 
It has recently been shown? that the con- 
trast of a roentgenographic or roentgen- 
oscopic image is a function of the mass 
absorption coefficient and density of the 
image-producing structure, of the mass 
absorption coefficient and density of the 
surrounding tissues, of the ratio of the 
primary to total radiation received by the 
film or screen and, in the case of a roentgen- 
ographic image, of the inherent contrast 
factor of the film. These several factors are 
related quantitatively by the equation 


C= (bop»—dipi) (Gp/Gi)gx (1) 


where 

C is the contrast of the image appearing 
in the roentgenographic film or roent- 
genoscopic screen, 

6; and 4, are the mass absorption coefhi- 
cients (expressed in terms of decadic 
logarithms) of the image-producing 
structure and of the surrounding 
tissues respectively, 

p; and p, are the densities of the image- 
producing structure and of the sur- 
rounding tissues respectively, 

G, is the intensity of the primary radia- 
tion impinging in the film or screen, 

G, is the intensity of the total radiation 
(primary plus secondary radiation) 
impinging on the film or screen, 

g is the inherent contrast factor of the 
roentgenographic film (this factor has 
a value of unity for roentgenoscopic 
images) and 

x is the thickness of the image-producing 
structure. 

The kilovoltage applied to the roentgen 
tube exerts a controlling influence over the 
values of 4;, &, and G,/G, and thereby 
affects the diagnostic quality of roentgen- 
ographic and roentgenoscopic images. 

To determine the exact relationship be- 
tween kilovoltage and image quality it is 
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necessary, therefore, to obtain quantitative 
data on these several parameters for the 
tissues usually encountered in medical 
roentgenology through the kilovoltage 
range in which one is interested and apply 
those data in equation (1). 

The types of tissue encountered in medi- 
cal roentgenography fall into two general 
categories. There are those usually referred 
to as soft tissue and comprise skeletal 
muscle, connective tissue, fat, and so forth, 
These tissues are mainly composed of 
hydrogen, oxygen, nitrogen and carbon and 
have mass absorption coefficients closely 
similar to one another and almost identical 
to Masonite presdwood.? The second cate- 
gory includes those tissues which are largely 
composed of inorganic calcium salts. The 
mass absorption coefficients of these ma- 
terials are closely identical to that of cal- 
cium apatite— (Caio CO* (PO,).). 

The mass absorption coefficients (de- 
cadic) of Masonite presdwood and of 
calcium apatite have been recently pub- 
lished by the author? for the kilovoltage 
range of 30 to 85 kv. (peak). During the 
present investigation the range was ex- 
tended to 200 kv. (peak). They are plotted 
graphically as a function of peak kilo- 
voltage in Figure 1. Curve 4 indicates the 
mass absorption coefficient (decadic) of 
calcium apatite when the filtration in the 
roentgen beam is 5.0 cm. of Masonite presd- 
wood (density =1.07) and 2.0 cm. of cal- 
cium apatite (density = 1.0). The presdwood 
was included when these measurements 
were made to simulate surrounding soft tis- 
sue normally present about calcified struc- 
tures; the additional calcium apatite fil- 
tration was used because normally the 
thickness of a calcified structure is of the 
order of 2.0 cm. or greater. Curve B indi- 
cates the values of the. mass absorption 
coefficient (decadic) of calcium apatite 
when the filtration in the roentgen beam 
is 20 cm. of Masonite presdwood and 2.0 
cm. of calcium apatite. Curves C and D 
indicate respectively the mass absorption 
coefficients (decadic) of Masonite presd- 
wood when the roentgen beam filtration 
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includes 5.0 and 20 cm. of Masonite presd- 
wood. 

It is evident that the mass absorption 
coeficient of calcium apatite decreases 


. rapidly with increasing kilovoltage whereas 


that of Masonite presdwood is only slightly 
affected by roentgen tube potentials. It 
therefore follows that if one is primarily 
interested only in osseous structures the 
lowest kilovoltage consistent with a reason- 
able exposure time will produce optimum 
contrast and interpretability. On the other 
hand, if one is primarily interested only in 
soft tissues it makes little difference what 
roentgen tube potential is used within the 
range of 30 to 200 kv. (peak) since experi- 
ence has shown that changes in contrast of 
approximately 25 per cent must occur 
before the difference may be appreciated. 

In actual practice, however, the situation 
seldom occurs when one is interested either 
in osseous structures alone or in soft tissues 
alone. Usually both types of tissue are 
under diagnostic investigation. For ex- 
ample, in a film exhibiting a bone sarcoma 
one is interested not only in the osseous 
involvement but also in the soft tissue 
invasion. The curves illustrated in Figure 1 
do not give sufficient data from which to 
evaluate optimal roentgen kilovoltage con- 
ditions for circumstances of this sort. From 
Figure 1 one might suspect that the lowest 
possible kilovoltage consistent with ade- 
quate penetration of the structure would 
produce the most satisfactory results since 
bone contrast will be greatest under this 
condition and soft tissue contrast will also 
be at its highest level. However, when one 
is trying to visualize two different types of 
tissue another factor is involved which 
invalidates this reasoning. 

Under most circumstances, the con- 
ditions which promote high bone contrast 
also produce large density differences be- 
tween the images of the bone and of the 
soft tissue appearing on a roentgenographic 
film. Accordingly when a film is exposed so 
that the bone image falls within the useful 
range of film blackening, the images of the 
soft tissues will be so dense as to preclude 
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interpretation. On the other hand, if the 
film is optimally exposed for the soft 
tissues, the bone image will be so light in 
density that little can be discerned in it. 
This large density difference is largely 
caused by the marked absorption which the 
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Fic. 1. Mass absorption .coefficients ,(expressed in 
terms of decadic logarithms) of calcium apatite 
and of Masonite presdwood plotted as a function 
of the voltage applied to the roentgen tube. Curve 
A, mass absorption coefficient of calcium apatite 
when filtration in roentgen beam is 5.0 cm. of 
Masonite presdwood (density =1.07) and 2.0 cm. 
of calcium apatite (density =1.00); Curve B, 
mass absorption coefficient of calcium apatite 
when the filtration in the roentgen beam is 20 cm. 
of Masonite presdwood and 2.0 cm. of calcium 
apatite; Curve C, mass absorption coefficient of 
Masonite presdwood when the roentgen beam fil- 
tration is 5.0 cm. of Masonite presdwood; Curve 
D, mass absorption coefficient of Masonite presd- 
wood when the roentgen beam filtration is 20 cm. 
of Masonite presdwood. 


roentgen beam undergoes when passing 
through the initial calcified layers of bone. 
The extent of this absorption is shown 
graphically in Curves 4, B and C of Figure 
2 where the mass absorption coefficients 
(decadic) of thin layers of calcium apatite, 
approaching a thickness of 0.0 cm., are 
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plotted as a function of roentgen tube kilo- 
voltage when the filtration in the roentgen 
beam is respectively 2.5, 5.oand 10 cm. of 
Masonite presdwood. Curve E indicates the 
values of the mass absorption coefficient 
(decadic) of calcium apatite for the same 
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Fic. 2. Mass absorption coefficients (expressed in 
terms of decadic logarithms) of thin layers of cal- 
cium apatite (approaching zero thickness) plotted 
as a function of the voltage applied to the roentgen 
tube. Curve 4, roentgen beam filtration 2.5 cm. of 
Masonite presdwood; Curve B, roentgen beam 
filtration 5.0 cm. of Masonite presdwood; Curve 
C, roentgen beam filtration 10 cm. of Masonite 
presdwood; Curve D, roentgen beam filtration 5.0 
mm. of aluminum; Curve £, roentgen beam filtra- 
tion 2.0 cm. of calcium apatite (density equal 1.0). 


conditions as those listed for Curve B in 
Figure 1. 

It is evident that there is a reduction in 
the absorption of the initial calcified layers 
of osseous tissue as one increases kilo- 
voltage. Therefore the large density differ- 
ences between the images of bone and soft 
tissue appearing in the roentgenogram will 
tend to be minimized when the kilovoltage 
is increased. However, this increase in kilo- 
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voltage also decreases the values of the 
mass absorption coefficient of the deeper 
layers of the calcified tissues (Curve E, 
Fig. 2) and thereby causes a considerable 
diminution in osseous contrast and detail. 
It is therefore desirable not to increase 
roentgen potentials unduly. 

In the foregoing connection it is interest- 
ing to observe that the absorption in the 
initial calcified layers is substantially de- 
creased by the presence of presdwood in the 
beam (Curves B and C, Fig. 2). Accordingly 
one may expect that the density differ- 
ences between bone and soft tissue images 
will usually be small when heavy parts 
(abdomen) are roentgenographed and large 
when thin parts (hand) are examined. This 
is actually what is observed in practice. 
Advantage may be deliberately taken of 
this fact by introducing additional filtration 
in the roentgen beam particularly when 
small structures are under examination. 
When 5.0 mm. of aluminum are added, the 
values of the mass absorption coefficient 
(decadic) of the initial layers of calcium 
apatite approach those shown in Curve D, 
Figure 2. The locus of this curve remains 
essentially stationary regardless of the 
thickness of any presdwood filtration that 
is present. Furthermore the locus of Curve 
E is essentially unaffected by the presence 
of either aluminum or presdwood filtration. 
Therefore the presence of aluminum filtra- 
tion greatly diminishes the absorption of 
the initial calcified layers without mate- 
rially changing the absorption coefficient of 
the deeper layers. Accordingly the density 
differences between bone and soft tissue 
images are reduced to a minimum without 
impairment of bone detail. It seems desir- 
able as a genera] rule then to add aluminum 
filtration to the roentgen beam, when one is 
interested in the images of both osseous and 
soft tissues, regardless of the kilovoltage 
applied to the roentgen tube. As for the 
optimum kilovoltage in a particular case, it 
seems clear that the lowest voltage consist- 
ent with the production of the image-densi- 
ties of both the osseous and soft tissues 
within the useful range of film blackening 
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ing will be most desirable. Under this condi- 
tion both bone and soft tissue detail will 
approach a maximum. In actual practice 
such voltages will range usually between 50 
and 90 kv. (peak) if a filter is used, the 
proper value depending on the thickness of 
the osseous structure under examination 
but in no case being extremely critical due 
to the large changes in contrast which 
must occur before-significant differences in 
diagnostic quality are observed. 

It has frequently been argued that more 
satisfactory results might be achieved in 
chest roentgenography by employing roent- 
gen tube potentials in excess of 100 kv. 
(peak) for under these conditions the ribs 
and clavicles are more adequately pene- 
trated and thereby do not obscure the 
underlying pulmonary tissues. That this is 
true is well demonstrated in Figure 2 where 
the absorption of the initial layers of the 
calcified material within the ribs under 
normal chest roentgenography are es- 
sentially illustrated in Curve C; that is, the 
10 cm. of presdwood filtration used in the 
preparation of this curve is approximately 
equivalent to the absorption of a 20 cm. 
chest. However, one objection to this pro- 
cedure should be pointed out. Although it is 
true that the reduced absorption of the 
ribs at high voltages reduces the shadow 
they cast on the film or screen, it is similarly 
true that pathological calcification within 
the chest also becomes more difficult to 
perceive and differentiate from non-calci- 
fied infiltrations; indeed, calcified lesions 
begin to approach non-calcified lesions in 
appearance. It therefore is important, when 
one employs relatively high kilovoltages 
(ie. in excess of 100 kv. (peak)) in chest 
roentgenography, that one repeat the ex- 
amination at a lower kilovoltage, when 
pathology is found, to determine whether or 
not calcification is present. 

In the discussion thus far nothing has 
been said regarding the effect of kilovoltage 
on the ratio of primary to total radiation 
received by a roentgenographic film or 
roentgenoscopic screen during exposure. As 
indicated in equation (1) this must be an 
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important consideration when the effect of 
kilovoltage on the quality of roentgen 
images is appraised. 

The ratio of primary to total radiation 
under a wide variety of roentgen conditions 
has heretofore been determined within the 
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Fic. 3. Ratio of primary to total radiation received 
by roentgenographic film or roentgenoscopic screen 
plotted as a function of the voltage applied to the 
roentgen tube. Curve 4, roentgen beam projected 
through thickness of presdwood 5.0 cm. of thick- 
ness; Curve B, roentgen beam projected through 
presdwood phantom Io cm. in thickness; Curve C, 
roentgen beam projected through presdwood phan- 
tom 20 cm. in thickness. Portal area irradiated in 
each case is 9CO sq. cm. 


kilovoltage range of 30 to 85 kv. (peak) by 
the author.? The range has recently been 
extended to 200 kv. (peak) and the result- 
ing data summarized in Figures 3 and 4. In 
Figure 3, the ratio of primary to total 
radiation is plotted as a function of kilo- 
voltage when the portal area under ir- 
radiation is 900 sq. cm. Curve 4 indicates 
the ratio when a phantom of presdwood 
(censity =1.07), 5.0 cm. in thickness, is 
used. 

Curves B and C apply to phantoms 10 
and 20 cm. in thickness respectively. It will 
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Fic. 4. Ratio of primary to total radiation received 
by roentgenographic film or roentgenoscopic screen 
plotted as a function of the voltage applied to the 
roentgen tube when the roentgen beam is projected 
through a presdwood phantom 20 cm. in thickness. 
Curve 4, portal area irradiated—joo sq. cm., 
roentgen beam filtration—inherent tube filtration 
only, scattered radiation reduced by grid having 
efficiency of 80 per cent; Curve B, portal area ir- 
radiated—joo sq. cm., roentgen beam filtration— 
5.0 mm. Al, scattered radiation reduced by grid 
having an efficiency of 80 per cent; Curve C, portal 
area irradiated—goo sq. cm., roentgen beam filtra- 
tion—inherent tube filtration only, scattered ra- 
diation reduced by grid having efficiency of 80 
per cent; Curve D, portal area irradiated—goo 
sq. cm., roentgen beam filtration—inherent tube 
filtration only, scattered radiation reduced by grid 
having efficiency of 80 per cent; Curve D, portal 
area irradiated—goo sq. cm., roentgen beam filtra- 
tion 5.0 mm. Al, scattered radiation reduced by 
grid having efficiency of 80 per cent; Curve £, por- 
tal area irradiated—}j00 sq. cm., roentgen beam fil- 
tration—inherent tube filtration only; Curve F, 
portal area irradiated— 300 sq. cm., roentgen beam 
filtration 5.0 mm. Al; Curve G, portal area irradi- 
ated—goo sq. cm., roentgen beam filtration—in- 
herent tube filtration only. 


be observed that kilovoltage has very little 
effect on the ratio when the thickness of 
presdwood is 5 or 10 cm. and only becomes 
appreciable at thicknesses of 20 cm. and 
over. However, roentgenography and roent- 
genoscopy are seldom done on anatomical 
structures 20 cm. in thickness without 
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either reducing the portal area being ir- 
radiated or using a grid. In Figure 4 the 
ratio of primary to total radiation is plotted 
as a function of kilovoltage for a presdwood 
phantom 20 cm. in thickness when 4, the 
portal area is 300 sq. cm. and a grid whose 
efficiency is 80 per cent is used; B, when 
the portal area is 300 sq. cm., an 80 per cent 
efficient grid is used, and 5.0 mm. of 
aluminum filtration is present in the 
roentgen beam; C, when the portal area is 
goo sq. cm. and an 80 per cent efficient grid 
is used; D, when the portal area is goo sq. 
cm., an 80 per cent efficient grid is used and 
5.0 mm. Al filtration is present; E, when 
the portal area is 300 sq. cm. and no grid 
is used; F’, when the portal area is 300 sq. 
cm., no grid is used and 5.0 mm. AI filtra- 
tion is present, and G, when the portal area 
is goo sq. cm. and no grid is used. Almost 
all roentgen conditions are covered by 
either Curves 4 and B of Figure 3 or 
Curves 4, B, C, and D of Figure 4 and that 
under these conditions the effect of kilo- 
voltage on the ratio is extremely small. 
These data are supported by measurements 
made some time ago by Wilsey.‘ 

Summarizing the data concerning the 
effect of the kilovoltage applied to a roent- 
gen tube on the quality of roentgenographic 
and roentgenoscopic images, the following 
may be reasonably said: 

(a) Kilovoltage has a relatively large 
influence on the detail with which osseous 
structures are recorded and the lowest 
kilovoltage consistent with a reasonable 
exposure time is usually optimum when one 
is interested in bone detail alone. 

(b) Kilovoltage has a relatively minor 
effect on soft tissue detail within the ranges 
used in medical roentgenography and 
almost any kilovoltage will produce satis- 
factory results when one is interested in 
soft tissue detail alone. 

(c) When one is interested in both soft 
tissue and bone detail, the lowest kilo- 
voltage consistent with the placement of 
the image densities of both tissues within 
the useful range of film blackening will 
usually be optimum. This kilovoltage may 
approach rather high levels but in most 
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cases may be brought within the range of 
so to 90 kv. (peak) by the use of aluminum 
filtration. 

(d) In chest roentgenography, kilovolt- 
ages in excess of 100 kv. (peak) have the 
great advantage of permitting one to see 
the pulmonary structures behind the ribs. 
It is frequently wise to use a grid routinely 
when such kilovoltages are employed not 
only to remove the somewhat increased 
amount of scattered radiation that is 
present but also to increase the contrast. 
This improves the clarity of the pulmonary 
images materially and since the useful range 
of film blackening of a roentgenogram is 
less completely filled when the ribs and 
clavicles absorb but little radiation, the 
grid may be employed without the likeli- 
hood of any of the significant thoracic 
images falling beyond the useful range of 
film blackening. Recheck examinations 
should be made at lower voltages to facili- 
tate the differentiation of calcified and non- 
calcified pathology. 

From the foregoing it is clear that the 
need for higher kilovoltages than those now 
generally provided in medical roentgenog- 
raphic equipment (i.e. higher than 100 
kv. (peak)) exists only in chest roentgenog- 
raphy. Even this need cannot be con- 


sidered great for almost the same advan- 


tages may be obtained by the use of 
aluminum filtration as by the adoption of 
higher voltages. This may be well illus- 
trated by Curve C, Figure 2 which indicates 
the absorption of the ribs under normal 
roentgenographic conditions and Curve D, 
Figure 2 which indicates this absorption 
when 5.0 mm. of aluminum are present. 
The absorption under the latter condition 
at 100 kv. (peak) is not significantly 
different than that at 150 kv. (peak) in the 
former. 

(6) Effect of Kilovoltage on the Efficiency 
of Roentgen-Ray Production. In general 
roentgenography, the efficiency of roent- 
gen-ray production is of no great concern 
within the range of kilovoltages available 
in present day equipment. Roentgenog- 
raphy of even the heaviest anatomical 
structures may usually be performed with- 


Roentgen Tube Potentials in Diagnostic Roentgenology 


217 


out approaching the heat liberating capac- 
ity of the roentgen tube. In mass roent- 
genography of the chest and in spot-filming 
roentgenoscopy, however, the situation is 
quite different. Here the heat liberating 
capacity of the roentgen tube is frequently 
reached or exceeded even under normal 
operating schedules due to the large 
quantities of radiation employed in these 
procedures. 

It is well known that the efficiency of a 
roentgen tube improves when the applied 
kilovoltage is increased; that is, the in- 
tensity of the roentgen radiation gen- 
erated per watt of electrical power con- 
sumed by the tube becomes appreciably 
greater when the kilovoltage is increased. 
Accordingly since a particular quantity of 
radiation is required to produce a given 
roentgenographic effect, that effect may 
be produced with less energy applied to the 
tube, and therefore with the development 
of less heat, at high kilovoltages than at 
low. Thus, the use of high kilovoltages in 
mass roentgenography of the chest and in 
spot-filming roentgenoscopy should be ad- 
vantageous. 

The quantitative manner in which roent- 
gen tube efficiency varies with kilovoltage 
depends on the way in which roentgen 
efficiency is defined. As applied to problems 
in mass roentgenography of the chest the 
term may be defined most satisfactorily as 
the luminous intensity (brightness) of the 
photofluorographic screen produced per 
watt of electrical power consumed by the 
roentgen tube under average roentgeno- 
graphic conditions; that is, 


E= B/P (2) 


where E is roentgen tube efficiency 
B is the luminous intensity or bright- 
ness of the screen and 
P is the power consumed by the 
roentgen tube. 

Since it is the luminous intensity which 
directly controls the density of the photo- 
fluorogram such a definition has the ad- 
vantage that it indicates efficiency in terms 
that are directly applicable to the solution 
of problems concerning the heat generated 
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Fic. 5. Log screen brightness levels of Patterson 
Type “B” and Type “D” fluorescent screens 
plotted as a function of roentgen tube voltage 
(constant potential). Measurements were made 
through presdwood phantom Io cm. in thickness 
and a grid, having an efficiency of 80 per cent, was 
interposed between the phantom and the fluores- 
cent screens. 


in a roentgen tube under various exposure 
schedules. 

To determine the efficiency of roentgen- 
ray production from equation (2) it is 
necessary to measure the brightness of a 
photofluorographic screen with different 
kilovoltages applied to the roentgen tube 
and divide each value by the corresponding 
power consumed by the tube. Such meas- 
urements must of course be made under 
average photofluorographic conditions and 
with a constant tube-screen distance. 
Chamberlain,’ as previously pointed out, 
has indicated that the average chest has an 
equivalent roentgen-ray absorption of ap- 
proximately 10 cm. of Masonite presdwood. 
Since a wafer grid is customarily employed 
in photofluorography, average photofluoro- 
graphic conditions then are satisfied if the 
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measurements of screen brightness are 
made through a 10 cm. presdwood phan- 
tom and a wafer grid. 

Measurements of screen brightness, us- 
ing Patterson Type “B” and Type “D” 
screens, were made during this investiga- 
tion through a kilovoltage range of 30 to 
200 kv. (peak) when a presdwood phantom, 
10 cm. in thickness, and a grid were placed 
in the roentgen beam; the phantom area 
normal to the beam was g00 sq. cm. Screen 
brightness levels were determined with a 
photoelectric intensitometer placed in fixed 
relation to the screens. Since the spectral 
distribution of the light emitted by a 
fluorescent screen is constant regardless of 
the quality of the exciting roentgen radia- 
tion, the intensitometric readings so ob- 


3.0|— v 


Log Screen Brightness 


tol 
50 70 100 150 200 
Roentgen Kilovolts - peak 


Fic. 6. Log screen brightness levels of Patterson 
Type “B’’ and Type “D” fluorescent screens 
plotted as a function of the peak roentgen tube 
voltage. (sinusoidal wave form). These curves 
were calculated from the data provided in Figure 
5. 
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tained are proportional to the photographic 
flux density received by a film during 
photofluorography; that is, the intensito- 
metric readings constitute a reliable meas- 
ure of screen brightness as seen from the 
standpoint of a photofluorographic film. 

The roentgen generator with which the 
screens were excited was a constant po- 
tential type operating at a fixed tube cur- 
rent. Previous studies had indicated that 
the wave-form of conventional pulsating 
generators varied widely through the kilo- 
voltage range under investigation and ac- 
cordingly the power consumed by the roent- 
gen tube was diffcult to calculate for the 
various kilovoltage levels. By using a con- 
stant potential generator it was possible to 
calculate by graphical analysis the bright- 
ness of the photofluorographic screen when 
the wave-form of the roentgen tube po- 
tential is a pure sine wave. It then became 
possible by means of equation (2) to evalu- 
ate roentgen tube efficiency, under condi- 
tions approaching those normally en- 
countered in actual practice, with reason- 
able accuracy. 

In Figure 5 are plotted the log screen 
brightness levels of both the Type “B” and 
type ““D”’ screens through the voltage range 
of 30 to 200 kv. (constant potential). From 
those data the average brightness levels 
when the roentgen voltage is sinusoidal 
were determined and are plotted as a func- 
tion of peak roentgen kilovoltage in Figure 
6. 

From Figure 6 and equation (2) the rela- 
tive efficiency of roentgen-ray production 
was calculated and is shown plotted as a 
function of peak kilovoltage in Figure 7. 
It is evident that roentgen efficiency im- 
proves very considerably as the kilovoltage 
is raised. Indeed at 150 kv. (peak) the 
efficiency is more than $0 per cent greater 
than at 100 kv. (peak). In passing it should 
be pointed out that although the curves for 
the Type ‘““D” screen lie somewhat above 
those of the Type ““B” screen in Figures 5, 
6, and 7, this does not necessarily mean that 
the former is the better. It only means that 
as far as the phototube in the photoelectric 
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Fic. 7. Relative efficiency of roentgen-ray production 
under average photofluorographic conditions when 
Patterson Type “B’’ and Type “D” fluorescent 
screens are used. Values are plotted as a function 
of the peak voltage applied to the‘roentgen tube. 
These data were determined from values derived 
from Figure 6 and substituted in equation (2). 


intensitometer is concerned, the Type ““D”’ 
screen produces a greater current output 
in the phototube than the Type “B” 
screen. Photographically, the positions of 
the curves might be reversed, on the one 
hand, or even more widely separated, on 
the other, depending on the relative speeds 
of the films used with the two screens. Re- 
gardless of this, however, the argument 
that an increase in kilovoltage produces a 
very real improvement in roentgen tube 
efficiency is still valid. Whether or not the 
gain in efficiency is great enough to war- 
rant the increased cost of producing equip- 
ment able to withstand the higher voltages, 
only the roentgen-ray industry will be able 
to say. The gain does appear to be sufficient 
to require very careful consideration of the 
problem especially when it has been shown 
in section (a) of this paper that high kilo- 
voltages in routine chest roentgenography 
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Fic. 8. Ratio of relative roentgenographic screen 
brightness to dosage rate produced by roentgen 
beam projected through phantom of Masonite 
presdwood. Measurements were made with photo- 
electric intensitometer scanning a Patterson Type 
“B”’ roentgenoscopic screen and with a Victoreen 
dosimeter determining the roentgen dosage (in- 
cluding backscatter). The tube-screen distance was 
maintained constant at 27 inches. Curve 4, portal 
area irradiated— 300 sq. cm., thickness of phantom 
—10o cm., Curve B, portal irradiated—goo sq. 
cm., thickness of phantom—1i1o cm., Curve C, 
portal irradiated—gco sq. cm., thickness of phan- 
tom—1IO cm., scattered radiation impinging upon 
roentgenoscopic screen reduced by grid having an 
efficiency of 80 per cent; Curve D, portal irradiated 
—j00 sq. cm., thickness of phantom—2o cm., 
Curve E, portal irradiated—goo sq. cm., thickness 
of phantom—20 cm., Curve F, portal irradiated— 
goo sq. cm., thickness of phantom—20 cm., scat- 
tered radiation impinging upon roentgenoscopic 
screen reduced by grid having efficiency of 80 
per cent. 


may be expected to produce diagnostically 
superior roentgenograms. 

(c) Effect of Kilovoltage on Roentgen 
Dosage Received by Patient during Roent- 
genoscopy. In the preceding section of this 
paper it has been shown that the brightness 
of a fluorescent screen increases markedly 
when the kilovoltage applied to the roent- 
gen tube is increased. It is also true’that in 
roentgenoscopy the roentgen dosage rate 
received by the patient increases rapidly 
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with kilovoltage. If, however, the increase 
in screen brightness is greater than that of 
roentgen dosage rate, the ratio of the 
brightness of the screen to the dosage rate 
imposed on the patient will increase with 
kilovoltage and accordingly when a given 
screen brightness level is maintained the 
actual dosage received by a patient during 
a roentgenoscopic examination will be less 
when high kilovoltages are applied to the 
roentgen tube than when the voltage is 
lower. The opposite effect will of course 
occur if the increase in screen brightness is 
less than that of the dosage rate. 

What actually happens under average 
roentgenoscopic conditions was measured 
during this investigation by placing phan- 
toms of Masonite presdwood, ranging in 
thickness from 10 to 20 cm., in a roentgen 
beam with the tube operating at potentials 
extending from 50 kv. (peak) to 150 kv. 
(peak). The filtration in the roentgen beam 
included only an inherent tube filtration of 
o.5 mm. Al. The dosage rate received by 
the phantom was measured by a Victoreen 
ionization chamber placed directly in the 
center of the incident beam and in apposi- 
tion with the phantom (i.e. the measute- 
ments included backscatter). A Patterson 
Type “B” roentgenoscopic screen was 
placed in the center of the emergent beam 
and its brightness measured by a photo- 
electric intensitometer. Since the spectral 
distribution of the light emitted by the 
screen is constant, regardless of the char- 
acteristics of the exciting roentgen radia- 
tion, values of screen brightness, measured 
by the intensitometer, are proportional to 
those which would be recorded visually. 

Measurements of dosage rate and screen 
brightness were made with irradiated 
portal areas of 300 and goo sq. cm. both 
with and without a grid. The efficiency of 
the grid employed in the investigation was 
80 per cent. 

After the collection of the data for the 
various conditions tested, the ratios of the 
relative brightness of the screen to the 
dosage rate received by the phantom were 
calculated. These values are shown plotted 
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as a function of peak kilovoltage in Figure 
8. It is clear that regardless of the condi- 
tions of examination the ratio is low at low 
kilovoltages, rises rapidly to a maximum 
and then diminishes somewhat at high 
kilovoltages. The kilovoltage at which the 
maximum level is reached varies somewhat 
from one condition to another but it is 
usually not far from 120 kv. (peak). It 
therefore appears that if a given screen 
brightness i is maintained in roentgenoscopy 
the patient will receive a relatively high 
roentgen dosage on his skin at the entrance 
portal when the roentgen tube potential is 
low. This dosage may be effectively de- 
creased by raising the voltage to levels ap- 
proaching 120 kv. (peak) and it therefore 
seems wise to perform roentgenoscopic ex- 
aminations at or near this voltage as a mat- 
ter of routine. It must be pointed out, 
however, that even at 100 kv. (peak) the 
dosage rate is very near its minimum value 
and excellent results therefore may be 
achieved at this voltage. 


DISCUSSION 


From the data presented in the foregoing 
portions of this paper it is evident that 
voltages higher than those now provided 
in diagnostic roentgen equipment (i.e. 
higher than 100 kv. (peak)) do not provide 
the roentgenologist significant benefits in 
either general roentgenography or roent- 
genoscopy. Image detail will not be im- 
proved nor will there occur any worthwhile 
reduction in the dosage received by the 
patient during roentgenoscopy if voltages 
above 100 kv. (peak) are used routinely. 
In chest roentgenography, photofluorogra- 
phy and spot-filming roentgenoscopy, how- 
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ever, kilovoltages in excess of 100 kv. 
(peak) do provide a number of advan- 
tages. Portions of the chest, especially 
the apices, hidden behind bony structures 
at low voltages, may be clearly perceived 
when the kilovoltage is high, particu- 
larly when aluminum filtration and a grid 
are used. The roentgen tube in photo- 
fluorography and spot-filming roentgenos- 
copy will also operate considerably cooler 
under a given schedule when the voltage 
applied to it is high. 

It is dificult to speculate on whether or 
not the advantages of kilovoltages higher 
than those now available are sufficient to 
warrant the expense of providing them. It 
seems likely, however, that small and 
moderate sized laboratories, where most of 
the country’s diagnostic roentgenology is 
done, will continue to operate within the 
kilovoltage range now provided. The larger 
laboratories of the country will almost 
certainly demand equipment providing 
higher voltages, such equipment probably 
being manufactured to special order. 


Johns Hopkins Hospital 
Baltimore 5, Maryland 


REFERENCES 


1. Morcan, R. H., and Van Aten, W. W. Stand- 
ardization of photofluorographic equipment. 
Am. Rev. Tuberc., 1946, 53, 291-296. 

. Moraan, R. H. Analysis of the physical factors 
controlling the diagnostic quality of roentgen 
images. Part 11. Contrast and the intensity 
distribution function of a roentgen image. Am. 
J. Roenrcenor. & Rap. THERapy, 1946, 55, 
67-89. 

3. CuamMBERLAIN, W. E. Fluoroscopes and fluoros- 

copy. Radiology, 1942, 38, 383-413. 
4. Witsey, R. B. Personal communication. 


i 
4 
| 
| 
| 
| 
| 
f 
, 
> 
| 
l 
| 
| 
> 
| 
| | 
| 
| 
| 
j 
ae 


Avoust, 1947 


THE BIOLOGICAL MEASUREMENT OF THE DEPTH 
DOSE OF ROENTGEN RAYS WITH 
LETTUCE SEEDLINGS 


By C. I. BLISS 


From the Connecticut Agricultural Experiment Station and Yale University 
NEW HAVEN, CONNECTICUT 


Rive effective dose in roentgen therapy 
is a function not only of the distance be- 
tween the tumor and the roentgen tube, 
but also of the depth of overlying tissue. 
These relations have been studied by ir- 
radiating a biological indicator through 
substances with scattering and absorbing 
properties resembling those of living tissue. 
In an extensive experiment of this type, 
Henshaw and Francis‘ measured the root 
growth of lettuce seedlings which had been 
irradiated through different thicknesses of 
paraffin. An analysis* of their published 
data for two levels revealed a problem of 
considerable biometrical interest. Sub- 
sequently a transcript of the entire experi- 
ment was obtained from Dr. Henshaw and 
improved methods of analysis for slope- 
ratio assays were developed". In the light 
of this later information the complete 
material has been recomputed for its bear- 
ing upon the design and analysis of similar 
experiments. 

The present experiment is essentially a 
biological assay. Its objective was to com- 
pare the potency of roentgen rays on 
living tissue imbedded in paraffin with that 
expected for transmission through air and 
after absorption by paraffin. In most biolo- 
gical assays some function of the response 
is related linearly to the logarithm of the 
dose, at least in the central portion of the 
dosage-response curve. In many cases a 
suitable function is selected empirically in 
the absence of a biological hypothesis re- 
lating dosage and response. With radiation, 
however, a rational approach is available 
in the theory of the random hit. The pre- 
sent paper is concerned with testing the 
agreement of the results obtained by Hen- 


* Reported by the author at the meeting of the Biometrics Section of the American Statistical Association in Chicago in December, 


1940. 


shaw and Francis with the hypothesis of a 
random hit. From the terms computed on 
the basis of this hypothesis we will then 
examine the relation between the observed 
potency of roentgen rays at various depths 
with the potency expected in air and after 
absorption by paraffin. 


APPLICATION OF THE HYPOTHESIS OF A 
RANDOM HIT TO ROOT GROWTH 


The hypothesis of a random hit? assumes 
that the toxic effect of radiation can be 
attributed to the impact of one or more 
quanta of energy upon the “vital center” 
of a cell. If its reproductive capacity were 
destroyed by one quantum, the number of 
cells inactivated in a unit of time under 
uniform radiation would be directly pro- 
portional to the number exposed to injury. 
In this case the logarithm of the number 
of survivors would plot as a straight line 
against the exposure time. If more than 
one hit were required to disable a cell, the 
curve would be initially convex. Hence the 
number of hits needed per cell can be esti- 
mated from the shape of the curve and 
either a straight line or convex curve on 
these coordinates would be consistent with 
the hypothesis. 

In applying this hypothesis to the lettuce 
root tip, the growth in length following 
irradiation is assumed to be proportional 
to the number of cells which survive. Root 
length in logarithms plotted against ex- 
posure time in minutes should define either 
a straight line or a convex curve, depending 
upon the number of hits required to knock 
out a single cell. A linear relation between 
these two variables, of course, would not 
prove the hypothesis of a single hit. Some 
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a priori evidence, in fact, is against it. 
Under this assumption the cells not hit in 
a vital spot would be unaffected and would 
grow at the same rate as untreated cells. At 
the dosages in the present experiment, 
however, all cells must have had ion pairs 
produced within them. Since irradiation is 
known to retard the rate of mitosis, the 
rate of multiplication and growth of all 
cells may have been delayed uniformly. 
Either retardation alone or the inactivation 
of a given proportion of the cells might 
lead to a linear relation between log- 
growth and exposure time. In the absence 
of other evidence, agreement with the 
theory of a random hit does not constitute 
proof of the hypothesis. 

Experimental Data. The experiment with 
which we are concerned‘ consisted of 17 
complete tests or replicates. A “phantom” 
was prepared from 8 discs of paraffin 30 
cm. in diameter and 3.15 cm. thick, which 
were stacked on top of one another. A 
circular cavity 5 cm. in diameter and 2 
mm. deep was cut in the upper surface of 
the second to the sixth discs to hold the 
seeds. Lettuce seeds just beginning to 
germinate were placed on § sectors of 
washed filter paper on top of the stack and 
in the cavity of the 5 succeeding discs. 
The different distances from the tube and 
in the phantom have been designated as 
levels 4 to F inclusive, 4 being that at the 
surface. At intervals of forty-five minutes 
during irradiation one sector with its seeds 
was removed from each level to obtain 
exposures of 45, 90, 135, 180 and 225 
minutes respectively. The treated seeds 
and an untreated control were then germi- 
nated at 36°C. for ninety-six hours and the 
total length of 25 primary roots measured 
from each sample. 

The roentgen rays were obtained from a 
standard tungsten-target, water-cooled 200 
kv. roentgen tube of the Coolidge type. 
The center of the target was placed 50 
cm. above the upper surface of the paraffin 
phantom where the rays covered a field of 
400 sq. cm. Conditions were adjusted to 
give a radiation intensity of 12.2 r/min. at 
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the surface after passing through a filter 
of 3.23 mm. of copper and 2.4 mm. of 
celluloid. 

The original measurements milli- 
meters are given in Table 1. As a first stage 
in the analysis each was converted to its 
common logarithm. The mean log-responses 
for the 17 tests are shown in Table 11 and 
plotted in Figure 1. In test 11, data were 
not available for exposures of 180 minutes 
at levels 4 and B. To restore the balance 
of the experiment, the two missing values 
were estimated from the other results for 
the same level and test. 

Computation of the Descriptive Equations. 
The observations plotted as means in 
Figure 1 were described numerically by 
computing a series of 6 straight lines with 
a common intercept at zero time. In deter- 
mining their equations by least squares, 
each measurement was assumed to have a 
potential variability independent of the 
expected response and hence was given 
unit weight. This assumption simplified the 
calculation so materially that it has been 
retained, even though further analysis has 
shown its limitations in the present case. 
The equations were computed not only 
from the means of the 17 tests but also 
separately from the data of each replicate. 
Each series of equations had the form 


Y, =a'—b,X, 


Yp=a'—b5X, 
(1) 


Yr =a'—bpX, 


where X was the length of exposure to 
radiation, Y the log-growth of seedlings, 
a’ the value of Y at X=o or the common 
intercept and 4 the slope at each level. 

The computation could be greatly sim- 
plified because of certain restrictions in the 
experimental design. These were (a) equal 
intervals between the successive periods of 
treatment beginning at zero exposure, (b) 
a complete set of observations in each test 
and (c) an approximately linear relation 
between response and exposure time. For 
analysis the time or dose was coded by 
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substituting 0, 1, 2, 3,4 and 5 for treatment 
periods of 0, 45, 90, 135, 180 and 225 
minutes. Since all levels had the same code 
the coded slopes have been used in later 
calculations. 

The curves for the different levels were 
computed with two basic equations.’ The 
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first was that for the common intercept of 
a single test or 


2(2k+1)T,—6T 
(2) 
N(k—1)+34'(k+1) 


With k=5 doses at each level, h’=1 nega- 
tive control and a total of N=31 observa- 
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ORIGINAL DATA ON LINEAR GROWTH IN MILLIMETERS OF 25 ROOTS FROM LETTUCE SEEDS IRRADIATED FOR 
§ DIFFERENT EXPOSURE PERIODS AT 6 LEVELS IN A PARAFFIN PHANTOM. 
EXPERIMENTS BY HENSHAW AND FRANCIS‘ 


Test wr Minutes Exposed at Level A | Minutes Exposed at Level B 

No. Control 45 go 135 180 225 | 45 go 135 180 225 
I 892 580 508 451 387 310 580 530 507 412 403 
2 930 768 483, 4416 357 778 595 
3 904 633 531 361 227: | 378 356 
4 979 650 545 403 338 246 | 652 615 484 476 465 
5 972 717 508 278 229 210 751 606 498 452 420 
6 1087 882 716 386 332 935 794 713 614 461 
7 1006 649 566 328 661 578 568 435 336 
8 845 678 604 481 367 328 684 634 496 437 396 
9 923 643 506 416 339 ©6235 | 654 512 427 390 310 
10 724 443 412 322 279 242 499 424 352, 332 322 
11 933 677 452 264 212 | 749 550 376 272 
12 929 | S17 425 247188 352271 
13 92! | §40 279 176 146 116 641 481 354 260 209 
14 953 658 §13 238 205 177 680 640 568 404 249 
15 1033 634 563 215 172 162 783 690 442 348 281 
16 849 678 535 318 255 230 741 622 420 336 287 
17 952 752 427 280 182 179 782 660 526 379 252 

Test Minutes Exposed at Level C Minutes Exposed at Level D 
No. 45 go 135 180 225 45 go “135 180 225 
I 584 538 524 417 414 599 549 525 425 420 
2 800 749 696 627 528 817 790 760 648 538 
3 77° 617 562 422 420 800 634 590 513 449 
4 659 618 580 537 507 696 655 599 581 564 
5 774 708 646 549 428 825 750 736 554 543 
6 950 854 721 659 610 1010 867 764 673 640 
7 796 650 608 557 443 806 695 614 599 546 
8 694 650 614 604 513 732 676 627 621 576 
9 663 571 516 498 420 717 656 526 520 499 
10 503 436 371 364 347 504 448 374 368 366 
II 751 669 477 367 306 781 688 668 $72 500 
12 544 537 532 443 354 568 565 559 509 425 
13 653 607 528 401 230 657 648 539 407 322 
14 718 700 678 526 306 734 722 717 643 479 
15 800 731 568 433 325 856 804 719 554 521 
16 766 727 577 544 346 774 746 718 577 502 
17 799 775 620 445 356 864 828 663 449 434 
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TaBLe I—(continued) 

Test | Minutes Exposed at Level E | Minutes Exposed at Level F 
es 

| 45 go 135 180 225 | 45 go 135 180 225 
I 605 562 544 443 428 612 571 549 456 445 
2 823 798 766 756 546 841 826 818 802 558 
3 | 819 661 652 582 546 849 708 703 603 587 
4 | 703 6g0 612 602 573 782 732 618 608 590 
5 | 870 863 770 702 620 892 883 786 764 690 
6 _ 1013 924 803 790 749 1036 958 852 806 793 
7 811 766 747 661 650 915 777 766 744 726 
8 737 680 650 624 605 753 730 705 690 683 
9 725 675 625 616 548 790 684 651 620 611 
10 506 456 392 379 370 579 459 455 449 435 
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12 604 593 574 557 
13 660 654 567 553 
14 744 735 720 695 
15 942 898 819 562 
16 782 762 749 683 
17 913 839 764 483 


504 836 818 731 675 641 
534 702 695 653 649 630 
487 714 706 610 608 586 
627 881 866 820 733 637 


524 954 916 826 703 592 
647 838 816 770 719 662 
459 g20 848 843 518 Sil 


tions in a complete group, this simplified to 
, 


where 7, was the sum of the 31 responses 
(y) in a single test and T was the sum of the 
products of each y with its corresponding 
coded dose over all levels. The slope for a 
given level such as 4 was equal to 


3 
2k+1 k(k+1) 


a 


where 7, was the sum at level 4 of the 
products of each y with its coded dose. The 
slope for each of the other levels was com- 
puted similarly. 

The seven statistics required in Equation 
(1) were computed from the data for each 
test or replicate with Equations (2) and 
(3). The corresponding terms for the entire 
experiment were determined from the 
means for the 17 responses to each treat- 
ment. The observed means and the lines 
computed from them have been plotted 
in Figure 1 with the intercept 0.933 and the 


_3 ap ae G) slopes shown in the second column of 
irl 3) Table 11. 
Taste II 


ROOT GROWTH OF 25 LETTUCE SEEDLINGS FOLLOWING ROENTGEN TREATMENT, IN TERMS OF 
LOG-DM. AVERAGED OVER 17 TESTS (=f); BASED UPON THE DATA IN TABLE I 


Level in 


Distance Mean Response (j) at Minutes’ Exposure of 

Paraffin from Tube 

Phantom cm. ° | 45 | go | 135 180 | 225 
A 50.00 .967 .810 -7O1 | -443 362 
B 53-35 .838 .687 .§20 
Cc 56.50 852 811 757 .686 593 
D $9.65 . 869 .834 .728 -684 
E 62.80 .879 .823 775 .738 
F 65.95 .908 .877 .849 .810 
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Growth of Seedlings — Log(dm.) 


Mean Root 


° 45 ‘90 135 180 225 270 


Length of Exposure to Radiation - Minutes 


Fic. 1. Relation to length of irradiation in minutes 
of mean root growth in log-dm. of length of 25 
lettuce seedlings at different levels in a paraffin 
phantom; data in Tables u and u1. 


AGREEMENT OF OBSERVATIONS WITH 
THE HYPOTHESIS 


Visually the means plotted in Figure 1 
seemed to agree quite well with the fitted 
lines. There was no evidence of the con- 
sistent convex curvature which would be 
expected if more than one quantum were 
needed to inactivate a cell. Hence the 
theory of a single random hit formed a 
suitable working hypothesis. Agreement 
with the hypothesis was tested by an 
analysis of variance in units of a single 
observation. The factors of biological in- 
terest were computed first from the means 
(or totals) in Table u. Each average effect 
was then compared with its variability in 
the 17 replicates or with the interaction of 
test by effect. The analysis has been sum- 
marized in Table 1v. For ease of comparison 
all mean squares have been multiplied by 
10°, 

Components of Variation in Testing 
Agreement. The total variation among the 
means has been divided into four principal 
parts. The first was that accounted for by 
the seven constants defining the six straight 
lines in Equation (1). It has been entered 
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in the first row of Table tv. In the usual 
analysis of variance it would correspond to 
the correction for the mean plus the effect 
of each slope. 

The second component was the dis- 
crepancy between the zero intercept and 
the mean response of the negative controls, 
As is evident from Figure 1, the negative 
control fell well above the point of inter- 
section (a’=0.933). There may conceivably 
have been a different type of response with 
than without treatment. This possibility 
could be examined by the mean square 


III 


CONSTANTS FOR EQUATIONS FITTED TO THE DATA IN 
TABLE I. SLOPES GIVE CHANGE IN GROWTH (¥) FOR 
EACH UNIT (45 MINUTES) OF EXPOSURE TIME, WHERE 


y =log-dm. GROWTH. GEOMETRIC MEANS ARE THE 


ANTILOGARITHMS OF THE VALUES IN 
THE LAST COLUMN 


Level 


Slope of Straight Lines | 
in Par- — | Mean 
With- Geo- lo 
Phan- With out metric (1008) 
tom control control | ‘mean | 
A .1201 1184 | | 1.0573 
B .0827 .0810 .0793 | .8993 
C .0645 .0627 .0618 | .7907 
D .O§ol .0484 .0486 | 6864 
E .0393 0376 0377 | .5769 
F .0299 .0282 .0292* | .4652* 


* Aberrant low value in test 12 (—0.014) replaced by missing- 
plot technique (0.410). 


with 1 degree of freedom for the discre- 
pancy between the negative control and the 
zero intercept. 

A third component of variation was that 
due to non-convergence of the separate 
curves. As computed with Equations (2) 
and (3) the straight lines were forced to 
intersect at zero time. If each curve had 
been determined independently from the 
five exposure times at each level, six 
different values of a’ would have been 
computed instead of one. The additional 
constants would have accounted for more 
of the total variation. This additional 
variation measured the non-convergence 
of the separate curves at zero time. 

The final component was the scatter of 
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IV 


ANALYSIS OF THE VARIATION IN LOG-GROWTH ABOUT THE LINES FITTED TO THE DATA 
OF TABLES 1 AND II; ORIGINAL MEAN SQUARES MULTIPLIED BY 10° 


From Totals 
for 17 Tests’ Test X Treatment 
Variation Due to ——— 
Mean , Mean 
D.F. square k D.F. square F 
Equation relating response to ex- 
posure time 7 4334975 1515.7 112 2860 24.18* 
Discrepancy of negative controls I 2339 7.50* 16 312 2.64* 
Non-convergence at O-time of 
separate curves 5 | 108 1.43 80 76 0.64 
A 3 | 1307 5.13 47 225 
| 3 89 ©.70 47 128 
Scatter of observations jC | 3 | 587 | 4.81 48 122 
about line for level \D 3 144 | 1.85 48 78 
IE | 3 g2 1.58 48 58 
3° 12 0.17 48 72 
A-F inclusive 286 118 1.00 


* Statistically 


the observations about the line computed 
independently for each level. If the indivi- 
dual observations at a given level had 
deviated similarly from the curves in all 17 
tests, a straight line might prove an inade- 
quate description of the relation between 
log-growth and exposure time. After com- 
puting the two constants of a straight line 
independently from the 5 observations at 
each level, 3 degrees of freedom remained 
for measuring the divergence from linea- 
rity. In Table 1v these have been listed 
separately from each level, both for the 
mean responses and for the variability 
among the separate tests. 

Computation of the Analysis of Variance. 
The mean squares in Table 1v were com- 
puted by dividing the sums of squares by 
their respective degrees of freedom. Two 
mean squares were determined for each 
component. The sum of squares for each 
item was computed first from the totals of 
all 17 tests. A parallel analysis was then 
calculated from the observations of each 
individual test. The sum of squares from 
the totals was subtracted from the total 
sum of squares over all 17 tests for the 


same term to obtain each interaction or 
error sum of squares. 

The sum of squares accounted for by the 
six equations fitted to the means of the 17 
tests was determined as 


+rTr, (4) 


where JT, and JT, to Ty represented the 
totals over all 17 tests. To measure the 
variation in both position and slope from 
test to test, [y?], was required. This was 
computed by solving Equation (4) with the 
values for each of the replicates in the 
right hand side of the equation. The 
difference between the total of these 17 
sums of squares for the individual tests, 
S[y?],, and that for the equation based 
upon the totals, Lyle, gave the sum of 
squares for the interaction of test by equa- 
tion in the first row of Table tv. 

The discrepancy at zero time was de- 
termined by recomputing the constants in 
Equation (1) without the negative con- 
trols. The term 4’ in Equation (2) was then 
equal to o and N to 30. As recomputed 


from the means of the 17 tests, a’ equalled 
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0.927 instead of 0.933 and the slopes were 
somewhat smaller as shown in the third 
column of Table m1. The first entry in 
Table 1v with 7 degrees of freedom repre- 
sented the equations computed from all 
31 mean observations. The variation about 
these 6 straight lines had 31—7=24 de- 
grees of freedom. When the equations were 
recomputed from the 30 means without the 
control, 23 degrees of freedom remained in 
the variation of the treatment means about 
the six fitted lines. The difference between 
the two residual sums of squares with 1 
degree of freedom measured the discrep- 
ancy of the mean of the negative controls 
from the zero intercept. 

This process was then repeated for each 
individual test, the difference in the resi- 
dual variation about the two sets of equa- 
tions aggregating 17 degrees of freedom 
over all 17 tests. Subtracting the corres- 
ponding term based upon the means led 
to the mean square with 16 degrees of 
freedom for the variability in the discrep- 
ancy. 

To obtain the sum of squares for non- 
convergence at zero time a straight line 
was computed independently from the five 
responses at each of the 6 levels. Two con- 
stants were determined for each line, the 
mean response for all five exposure times 
(¥#) and the slope (4). The latter could be 
determined most readily by replacing the 
successive coded doses with the orthogonal 
coefficients for five doses, x’ = —2,—1,0,1,2 
respectively. For each replicate the product 
of the coefficients and the corresponding 
values of y gave the required slope 


(5) 


The sum of squares attributable to § and 
6 at each level with 2 degrees of freedom 
was then equal to 
S?(y)  S?(x"y) 


Over all 6 levels the total sum of squares 
had 12 degrees of freedom. Subtracting the 
sum of squares attributable to Equation 
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(1) computed without the controls gave 
for each replicate a difference with 12—7=<¢ 
degrees of freedom for the non-convergence 
of the individual lines at zero time. Equa- 
tion (6) was also solved from the totals for 
all replicates (Tz) and then had the form 


Ly* le 


f5(x") 


where f=17. The total sum of squares for 
the 17 individual tests diminished by the 
over-all sum of squares for the means or 
totals gave the required interaction sum of 
squares. 

The remaining terms in Table Iv meas- 
ured the scatter of the observations about 
the lines determined with Equation (5). 
The residual variation of the individual 
observations for each level in a single test 
was computed as 


(7) 


there being 17 such terms at each level. 
For the corresponding variation of the 
means Equation (7) was modified to 


(Te) 
f 


also with 3 degrees of freedom. The mean 
squares from Equation (7a) have been 
listed in the first column of Table 1v. The 
difference between the sum of the 17 values 
determined with Equation (7) and that 
determined with Equation (7a) at each 
level led to the mean square for the interac- 
tion of test X treatment. 

Interpretation of the Analysis of Variance. 
The mean squares in the analysis of vari- 
ance in Table 1v which were statistically 
significant have been marked with an 
asterisk. Each component isolated from the 
treatment totals or means had its indivi- 
dual error in the same line of the table. The 
first three interactions have been compared 
with the mean square for the remaining 
interactions. The equations based upon all 
of the means accounted for most of the 
variation in the experiment but those com- 
puted from the individual tests varied 
significantly from one another. For this 


(6a) 


—[y* le, (7a) 
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reason the latter have been examined in 
more detail in the last section. 

The average negative control was signifi- 
cantly larger than would be expected and 
the discrepancy was not uniform from test 
to test. Unusually large negative controls 
in tests I, 4, 10 and 12 accounted for three- 
fourths of the total sum of squares. In the 
other 13 tests the mean square for the dis- 
crepancy was 1.03 as large as the pooled 
error. Since the growth of the untreated 
seeds was consistent with that of irradiated 
seeds in the majority of replicates, the de- 
finitive equations have been based upon all 
observations, including the negative con- 
trols. 

Perhaps the most: critical test was that 
for non-convergence an essential require- 
ment for the hypothesis of a random hit. 
The lines computed from the means of all 
replicates converged satisfactorily at zero 
time and the corresponding values for the 
individual tests agreed well with one an- 
other (line 3 in Table rv). 

The agreement of the mean responses 
with straight lines was tested separately for 
each level. The departure from linearity 
exceeded that expected by chance at levels 
A and C but the other 4 levels were without 
systematic curvature. It is apparent from 
Figure 1 that the curvature in the means 
for level 4 was concave and that for level 
C convex, the two trends balancing one 
another. Hence straight lines could be 
accepted as descriptive of the true relation 
and the hypothesis of a single-hit adopted 
in preference to that of a multiple hit. 

The scatter of the observations about the 
lines for levels 4 to F decreased with the 
intensity of radiation. Since the hetero- 
geneity of the 6 interaction mean squares 
was significant (x?= 36.67, 7=5), the com- 
parison of the first three interactions with 
their pooled value was of limited validity. 
For full efficiency the individual observa- 
tions should be weighted by the reciprocal 
of their expected variances in computing 
the basic equations instead of giving each 
an equal weight. This would apply not only 
to different levels but also to different 
exposure periods within each level. From 
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scrutiny of the observed values, however, 
we would not expect a more thorough 
analysis to alter any of the above conclu- 
sions. 

The dependence of the error variance 
upon the response reveals an important 
limitation in slope-ratio assays. When the 
levels or samples differ markedly in po- 
tency, heteroscedasticity may lower the 
efficiency of the simple least square solu- 
tion. Moreover, when the equations for the 
separate replicates differ markedly, as in 
the present experiment, the estimation of 
suitable weights to correct this factor may 
be difficult if not impossible. An attempt 
to develop weights from the present data, 
in fact, led to conflicting results for the 
different levels. Alternatively, the experi- 
mental design may be modified so as to 
reduce the discrepancy. If the dosage- 
interval (exposure time) had been increased 
from one level to the next on the basis of 
the first few replicates, the coded slopes 
would have differed but little in magnitude. 
This adjustment would have minimized the 
error introduced by treating each observa- 
tion as of equal weight and increased the 
precision of the experiment. 


RELATION BETWEEN RADIATION 
INTENSITY AND BIOLOGICAL 
POTENCY 


The potency of the radiation at any given 
depth in the paraffin phantom could be 
computed from the ratio of its slope to that 
at level 4 or the surface. Smaller potencies 
would be expected at greater distances from 
the tube, quite apart from any absorption 
by the paraffin. Instead of computing the 
relative potency at each level, it was of 
more interest to relate the biological effec- 
tiveness of the radiation to its potential 
intensity in air from the data for all depths. 
The slope at each level and the radiation 
intensity were first converted to logarithms 
since in those terms the data were more 
uniformly variable and more nearly linear 
than in the original units. 

The intensity of the radiation at the sur- 
face of the phantom was 12.2 roentgens per 
minute (J,4). This decreased as the square 
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of the distance from the target of the roent- 
gen tube. Apart from absorption by the 
paraffin, the intensity at any given level, 7, 
could be expressed as 


log I;=log I4—2 log (di/da), (9) 


where d, and d; were the distances in centi- 
meters of levels 4 and i from the target. 
The log-intensity of radiation expected in 
air at each level has been computed from 
Equation (9) as shown in the fourth column 
of Table v. The response in units of log 
(1004;) has plotted against log /; and fitted 
with a straight line. Its equation was log 
(1006;) =0.3693+2.453 log /;. At the sur- 
face of the phantom where log J;= 1.0864, 
the expected response was 1.0718. By add- 
ing the difference between these terms, 
1.0864 — 1.0718 =0.0146, to each log (1004;) 
the biological potencies were converted to 
the log-roentgens per minute in column 8 
of Table v, and plotted in Figure 2. The 
effectiveness of the irradiation decreased in 
paraffin as the 2.45 power of the value 
expected in air or inversely as the 4.90 
power of the distance. 

The absorption and scattering of radia- 
tion depend upon the incident wave length 
and the composition of the absorbing ma- 
terial.6 At 200 kv. the copper and celluloid 
filters in the present experiment would be 
expected to absorb nearly all wave lengths 
except those between 0.06 A and 0.15 A; for 
present purposes an average of 0.11 A has 
been assumed. The paraffin of the phantom 
has been assigned the molecular formula of 
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(CH:), and a density of 0.89 gm. per cubic 
centimeter.* At 0.11 A the mass absorption 
coefficient for paraffin has been computed 
as 0.164 from the values given by Vic- 
toreen® for carbon and hydrogen. 

The direct radiation intensity J; at each 
level was equal to that expected at its dis- 
tance from the target, diminished by ab- 
sorption in paraffin as computed by the 
equation 


log I; =1;—0.4343 (0.164) Dx 


=log J,—0.0634x, (10) 


where 0.4343 converted natural to common 
logarithms, D was the density of the paraf- 
fin and x its thickness in centimeters. Level 
A was separated from level B by 3.15 cm. 
of paraffin and from each succeeding level 
by an additional 2.95 cm. of paraffin. The 
computed log-intensities J; in roentgens per 
minute have been listed in Table v and 
plotted in Figure 2. The curvature in the 
plotted points has been disregarded in 
fitting a straight line with a slope of 
5=4.85. The intensity of direct radiation 
in paraffin decreased as the 4.85 power of 
that expected in air. 

The biological potency of the radiation 
fell midway between that expected in air 
and the intensity of the direct radiation as 
computed from the mass absorption coefh- 
cient. The discrepancy arose from the bio- 
logical effectiveness of the scattered radia- 
tion which was measured directly by Hen- 
shaw and Francis® in another experiment. 
They compared the growth of lettuce 


TABLE V 


COMPUTATION OF INTENSITY OF DIRECT RADIATION IN ROENTGENS PER MINUTE EXPECTED IN AIR AND AFTER 


ABSORPTION BY PARAFFIN AND OF THE CORRESPONDING BIOLOGICAL POTENCIES 


Thickness 


Distance Intensity of 
from Log Radiation of Direct Response Biological 
Level Target di/ds in Air | Paraffin | Radiation | 4 11494, | Potency 
Fit log I; aot log (r/min) log (r/min) 
A 50.00 1.086 1.086 1.080 1.094 
B §3-35 .0282 1.030 3.15 .830 .932 
Cc 56.50 .0531 .980 6.10 $93 .810 824 
D 59.65 .0766 -933 9.05 -359 
E 62.80 .0990 . 888 12.co $94 .609 
F 65.95 .1202 .846 14.95 — .102 .476 .490 
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seedlings exposed to back-scattered radi- 
ation on the surface of the phantom with 
the growth following equal radiation at the 
same distance when suspended in air. 
Taking the response in air as 100 per cent, 
the back-scattered radiation from the paraf- 
fin increased the potency by 68 per cent. 
An even greater effect would be expected 
in the body of the phantom. The slope of 
the logarithm of the biological potency 
plotted against that computed for direct 
radiation was 4=1.97. The biologically 
effective radiation increased as the square 
of that which reached the seeds directly 
from the target of the tube without deflec- 
tion by the paraffin. 


VARIABILITY AMONG TESTS 


The equations describing each individual 
test differed quite significantly. The inter- 
cepts measuring the log-growth expected 
without treatment are given in the second 
column of Table v1. Although these ranged 
from 0.750 to 1.041, this variation should 
not affect directly the response to roentgen 
rays. The variation in slope was of more 
consequence, since the relative potency of 
the roentgen rays in paraffin was deter- 
mined from the ratio of the slopes. It has 
been examined in a second analysis of vari- 
ance. The slope, however, was less variable 
at greater depths in the phantom. By 
analogy with other biological assays, the 
slope at each level in each of the 17 tests 
was converted to z=log (1004;) as used in 
the preceding section and this stabilized the 
variance. In Test 12 the observed z at level 
F was —0.014 when 0.410 would be pre- 
dicted by the missing-plot technique. The 
latter value was substituted with a marked 
decrease in the error and an increase in the 
homogeneity of the entire experiment. 

The log-slopes (z) were related to the 
log-density of radiation expected in air in 
a new series of 17 dosage-response curves. 
The log-density at each level in the paraffin 
phantom was that listed in the fourth 
column of Table v and the corresponding 
mean log-slope that in the last column of 
Table 111. As would be expected the anti- 
logarithms of these means or the geometric 
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Fic. 2. Relation of biological potency of roentgen 
rays in log (r/min.) to intensity of direct radiation 
in log (r/min.) in air and in paraffin; data in 
Tables m1 and v. 


means in the adjacent column were smaller 
than those for the general equation. Hence 
the factor converting mean log (100d) to 
log (r/min.) was larger than _ before, 
+0.0371 instead of +0.0146. The con- 
verted values have been plotted as solid 
circles in Figure 2 and fitted with the 
broken line. 

The series of straight lines for the 17 
tests were compared by the analysis of 
variance in Table vu. The first row com- 
pared the means in the individual tests of 
the log-slopes (z) at all 6 levels. The second 
row accounted for the slope of the dotted 
straight line in Figure 2 and the third row 
for the scatter about it of the means for 
each of the 6 levels. The interaction of test 
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Tas_e VI 
CONSTANTS COMPUTED FROM EACH OF I7 INDIVIDUAL TESTS BY SOLVING 
EQUATIONS (2) AND (3) WITH 31 OBSERVATIONS 
From Relation of Log-Growth (y) to Exposure Time 
No. | Intercept a’ Standard Mean log (1004) vs. 
| or y at © min. deviation, s log (1006) log-intensity 
n=24 | 
I .0298 .696 .78 
2 .969 .0300 661 1.67 
3 .0224 .800 2.04 
4 .897 .0306 | .629 2.20 
5 -971 0346 | -736 3-10 
6 1.041 .0167 | 2.11 
| -943 | .0286 .647 2.84 
8 898 .O170 2.88 
9 .gol .0244 -708 2.55 
10 750 033 .660 1.65 
11 .g60 .0370* .840 2.77 
12 .850 .0407 -6917 2.791 
13 .gi2 .0$13 .892 3.05 
14 .969 .0569 -794 3.17 
15 1.028 .g28 | 2.48 
16 .956 0341 3.14 
17 I .033 | 0508 -977 1.75 
Average -933 | 0366 | .746 | 2.41 
* n=22. 


t Aberrant low value (level F) replaced by missing-plot technique. 


by log-density of radiation has been divided 
into two parts, the variability in slope from 
test to test and the random scatter of the 
individual variates (z) about the fitted 
lines. These are given in the last two rows 
of the table. 

The seeds varied significantly in their 


susceptibility to radiation as measured by 
the positions of the 17 lines. The mean log- 
slope ranged from 0.543 to 0.977 (fourth 
column of Table v1). Although the mean 
square for position was larger than that for 
slope, the slope also varied significantly 
from test to test as is evident from the ratio 


Taste VII 


ANALYSIS OF VARIANCE OF THE RELATION OF BIOLOGICAL EFFECT TO LOG-INTENSITY OF ROENTGEN RAYS IN 
AIR, WHERE EACH RESPONSE IS LOG (10c0'5) FOR A SINGLE LEVEL IN ONE TEST. THE MEAN LOG-SLOPES ARE 
GIVEN IN THE LAST COLUMN OF TABLE III, AN ABERRANT LOW VALUE (TEST 12, 


LEVEL F) HAS BEEN REPLACED BY THE MISSING-PLOT TECHNIQUE 


Between tests | 16 .078378 38 .80* 4-35" 
Slope of straight line I 3.961419 ~- 220.05* 
Means about straight line 4 001637 0.81 —- 
Parallelism of slope between tests | 16 .018002 _ 8.91* | I 
Remainder or error | 63 .002020 I | 


* Statistically significant. 
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of the last two mean squares in Table vu. 
The slopes have been listed in the last 
column of Table v1; they ranged from 0.78 
to 3-17 and averaged 2.41. Hence there 
was a marked variation both in the average 
rate at which seedling growth was de- 
pressed by increasing the period of irradi- 
ation and in the effect upon this rate of 
the potency of roentgen rays after passing 
through paraffin. Since the same paraffin 
discs and the same roentgen tube were 
used in all tests, this suggests variation in 
the proportion of cells at a stage where 
they could be disabled from the impact of 
a quantum of energy. The variable rate at 
which the paraffin reduced the biological 
potency of the roentgen rays in the different 
tests could be demonstrated but has yet to 
be explained. 

The interrelations between the terms for 
the 17 tests in Table v1 have been ex- 
amined, in part from their partial correla- 
tions. The larger the intercept in the origi- 
nal sets of equations, the greater was the 
mean log-slope (r=0.58, »=14), so that 
the larger the growth without treatment 
the greater was the reduction in growth by 
irradiation. The mean log-slope was also 
correlated with the standard deviation 
(with 24 degrees of freedom) about the 
original sets of equations (r=0.71, m=14). 
Hence greater susceptibility to roentgen 
rays was paralleled by greater variability in 
the response. None of the other correlations 
between the variables listed in Table vi 


proved significant. The additive factor for 


converting log (1004;) to log (r/min.) could 
be computed for each test from the last 
two columns in Table vi. It ranged from 
—0.188 to 0.292 and was, of course, 
negatively correlated with the slope. 


SUMMARY 


The data of an experiment on the bio- 
logical effectiveness of roentgen rays in a 
paraffin phantom have been re-examined 
for their agreement with the theory of a 
random hit. On the assumption that the 
root growth of irradiated seeds was propor- 
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tional to the number of cells surviving 
treatment, the logarithm of root length 
has been plotted against the length of 
exposure. The observations at the 6 differ- 
ent levels in the paraffin phantom could be 
fitted by straight lines which converged at 
zero time, in agreement with the hypothesis 
of a single hit. The biological effectiveness 
of the irradiation decreased in the paraffin 
as the 2.45 power of the value expected in 
air but the intensity of direct radiation 
decreased as the 4.85 power of the value in 
air. From this it is concluded that scattered 
radiation accounted for one-half of the 
total effectiveness of roentgen rays in paraf- 
fin. An analysis of the 17 replicates in the 
experiment disclosed a significant varia- 
bility in respect to both average suscepti- 
bility and the rate at which the potency 
fell off in the phantom. 


I am indebted to Dr. P. S. Henshaw for the origi- 
nal data upon which this paper is based, to Dr. C. P. 
Winsor for suggesting the hypothesis of the random 
hit, to Dr. E. C. Pollard for aid in computing the 
intensity of the direct radiation and to all three men 
for their helpful comments on my original manu- 
script. 


Connecticut Agricultural Experiment Station 
New Haven 4, Conn. 
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AMERICAN RADIUM SOCIETY 


President: Charles L. Martin, Dallas, Texas; Presi- 
dent-Elect: A. N. Arneson, St. Louis, Mo.; 7st Vice- 
President: Maurice Lenz, New York, N. Y.; 2nd 
Vice-President: William S. MacComb, New York, 
N. Y.; Secretary: Hugh F. Hare, 605 Commonwealth 
Ave., Boston, Mass.; Treasurer: Leland R. Cowan, 
606 Medical Arts Bldg., Salt Lake City, Utah. 


Executive Committee: Frederick W. O’ Brien, Chair- 
man, Boston, Mass., Hayes Martin, New York, 
N. Y., William E. Costolow, Los Angeles, Calif. 


Program Committee: A. N. Arneson, Chairman, St. 
Louis, Mo., William S. MacComb, New York, N. Y., 
Eugene T. Leddy, Rochester, Minn., Franklin B. 
Bogart, Chattanooga, Tenn., Orville N. Meland, Los 
Angeles, Calif. 


Publication Committee: Edward H. Skinner, Chair- 
man, Kansas City, Mo., Zoe A. Johnston, Pitts- 
burgh, Pa., Wilbur Bailey, Los Angeles, Calif. 


Research and Standardization Committee: Edith H. 
Quimby, Chairman, New York, N. Y., James L. 
Weatherwax, Philadelphia, Pa., Robert B. Taft, 
Charleston, S. C. 


Education and Publicity Committee: Edwin C. 
Ernst, Chairman, St. Louis, Mo., Howard B. Hunt, 
Omaha, Neb., G. Allen Robinson, New York, N. Y. 


Faneway Lecture Committee: Douglas Quick, Chair- 
man, New York, N. Y., E. H. Skinner, Kansas City, 
Mo., G. Failla, New York, N. Y., L. A. Pomeroy, 
Cleveland, Ohio, F. W. O’Brien, Boston, Mass. 
F. E. Adair, New York, N. Y. 


Representatives on American Board of Radiology: 
Douglas Quick, New York, N. Y., B. P. Widmann, 
Philadelphia, Pa., F. W. O’Brien, Boston, Mass. 


Committee on Arrangements: To be appointed. 
Thirtieth Annual Meeting: 1948, to be announced. 
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STAPHYLOCOCCIC PNEUMONIA IN 
INFANCY AND CHILDHOOD 


childhood has until recently been re- 
garded as non-existent, or has been casu- 
ally referred to in the literature as a variant 
type of pneumonia with an extremely high 
mortality. Indeed, most authors, in dis- 
cussing this type of pneumonia, stress the 
high mortality. Not until recently has there 
been an increased interest in staphyloccic 
pneumonia and this has probably been 
brought about due to an increasing empha- 
sis on etiologic diagnosis. It has become ap- 
parent that because of therapeutic implica- 
tions differentiation between the various 
types of pneumonia on an etiologic basis for 
the pneumonia may be of greater import 
than that based on clinical or anatomic fea- 
tures. 

Quite recently Blumenthal and Neuhof' 
have communicated their observations on 
forty proved cases of bronchogenous staph- 
ylococcic pneumonia seen during a pe- 
riod of more than fifteen years. They call 
attention to the fact that the literature on 
staphylococcic pneumonia is not large, and 
that the frequency with which the staphy- 
lococcus can be shown to be the etiologic 
organism in pneumonia differs with different 
age groups and that infants apparently are 
far more susceptible to invasion by this 
organism than children or adults. 

They have observed that there is a defin- 
ite seasonal incidence of cases of staphy- 
lococcic pneumonia; the greatest number of 
Cases are observed in the fall and winter 
months with a definite decline during the 
spring and summer months, and they have 
also observed that there is apparently a 

? Blumenthal, S., and Neuhof, H. Staphylococcic (suppurative) 


Pneumonia in infancy and in childhood and its surgical aspects. 
Am. F. Dis. Child., 1946, 72, 691-719. 
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relationship of staphylococcic pneumonia 
to virus infections. In certain years and in 
specific localities the incidence of staphy- 
lococcic pneumonia rises abruptly and this 
increased incidence usually coincides with 
an epidemic of influenza. Indeed this asso- 
ciation between primary virus respiratory 
disease and staphylococcic pneumonia was 
discussed by Chickering and Park? in their 
studies made during the course of a severe 
epidemic of influenza in an army camp in 
1919. 

Blumenthal and Neuhof state that the 
term staphylococcic pneumonia should be 
reserved “for that form of suppurative 
bronchopneumonia in which bronchogen- 
ous invasion of the lung is presumed to 
have taken place.” 

Studies which have been made by them 
at autopsy and experiments dealing with 
the reproduction of the disease indicate 
that the infection descends from the upper 
respiratory passages and progressively in- 
volves the trachea and bronchi, extending 
by way of the lymphatics and interstitial 
tissues to reach the pulmonary parenchy- 
ma. This extension by the bronchial path- 
ways accounts for the peripheral location 
in the lung of the suppurative lesion and 
also for the segmental distribution of the 
pathologic process. Blumenthal and Neuhof 
would stress this segmental feature which 
is so characteristic of bronchogenous spread 
with regard to staphylococcic pneumonia 
as this characteristic feature has not been 
adequately emphasized. 

In postmortem examinations they have 
noted, in addition, evidence of direct 


? Chickering, H. T., and Park, J. H., Jr. Staphylococcus aureus 


pneumonia. 7.4.M.4., 1919, 72, 617. Quoted by Blumenthal and 
Neuhof. 
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spread from the bronchi to the pulmonary 
parenchyma and furthermore bronchial 
fistulas have been demonstrated in the 
great majority of their cases of staphylo- 
coccic empyema or of pulmonary abscess. 
This is further evidence that the pathway 
of the infection is bronchogenous. 

They suggest that cases of staphylococ- 
cic pneumonia may be divided on a patho- 
logic basis into two groups: those in which 
suppuration plays a minor role, as in the 
acute fulminating cases when abscesses 
have little time to form, and those in which 
suppuration is prominent. When suppura- 
tion does take place the abscesses are often 
multiple and are arranged in clusters about 
bronchioles and at times these may coalesce 
to form a large solitary pulmonary ab- 
scess. The location of these abscesses to- 
ward the periphery of the lung and their 
restriction to bronchopulmonary segments 
are features of considerable significance. 
Empyema or pneumothorax secondary to 
rupture of a pulmonary abscess is a fre- 
quent complication, with a decided tend- 
ency toward the formation of adhesions 
with the development of loculations and 
the walling off of staphylococcic pleural 
infections. A sudden blow-out of a pul- 
monary abscess may develop and air and 
pus in the pleura become so extensive and 
under such great tension as to break 
through pleural adhesions and the entire 
pleural cavity may thus be involved. 

The roentgenographic features of staph- 
ylococcic suppurative pneumonia, Blumen- 
thal and Neuhof state, are often distinctive 
but they are not pathognomonic. In a pre- 
vious communication, Neuhof and Tour- 
off? called attention to one roentgeno- 
graphic feature which is characteristic of 
all suppurative pneumonias, namely the 
appearance of one or more areas of rare- 
faction in the midst of pneumonic infiltra- 
tion. They pointed out that laminagrams 
may be necessary to reveal such areas in 
adults but that ordinary roentgenograms 


3 Neuhof, H., and Touroff, A. S. W. Acute aerobic (nonputrid) 


abscess of lung. Surgery, 1938, ¢, 728-754. Quoted by Blumen- 
thal and Nevhof. 
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somewhat overexposed are sufficient for 
the examination of infants and young chil- 
dren. The characteristic areas of rarefac- 
tion are visible sooner or later in the 
greater majority of cases of staphylococcic 
pneumonia in childhood. They are more 
commonly encountered than in suppurative 
pneumonias associated with mixed bac- 
terial flora and one of the striking charac- 
teristics is that these areas of rarefaction 
may appear in a roentgenogram taken a 
day following one which did not reveal any 
area of rarefaction. Blumenthal and Neu- 
hof emphasize this feature because its 
presence virtually proves the pneumonia 
to be caused by the staphylococcus when 
it is encountered in an infant and makes the 
diagnosis probable when it is encountered 
in a youngchild. “Other roentgenographic 
features of importance in staphylococcic 
pneumonia are, first, shadows correspond- 
ing to infiltrations about bronchi, blood 
vessels and interlobular septums; second, 
changes indicating the presence of focal, 
segmental or even lobar types of atelec- 
tasis; third, densities of lobular, segmental 
or lobar type.” 

These observers emphasize the impor- 
tant clinical aspect of the roentgenologic 
picture of staphylococcic pneumonia, 
namely the rapidity with which changes in 
the roentgenograms of the chest occur. 
One roentgen examination may reveal an 
area of rarefaction in the midst of pneu- 
monic infiltration; the following day the 
roentgenogram may reveal a large collec- 
tion of fluid and air in the pleura which may 
completely obscure the pulmonary lesion. 
In other instances a homogeneous density 
noted in a roentgenogram may be followed 
shortly by the appearance of a pulmonary 
cavity with fluid level. In still other cases 
a collection of fluid and air with displace- 
ment of the mediastinum may comprise the 
first roentgenographic evidence that the 
pulmonary lesion is not a simple pneu- 
monic one. They emphasize the fact that 
there is often the problem of differentiating 
between a suppurative lesion which is still 
confined to the lung and one which has 
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already invaded the general pleural or an 
interlobar space. These remarkably sudden 
changes noted in the roentgenograms are of 
considerable importance as they may occur 
in the presence of an unchanging clinical 
course. Only by frequent roentgenographic 
studies can these clinically significant 
changes in this type of pneumonia be dis- 
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covered. The taking of roentgenograms at 
judiciously spaced intervals can play an 
important part in contributing to an under- 
standing of the development of the disease 
and of the therapeutic indications. 

By such means may a diagnosis be sus- 
pected early in the disease at which time 
the proper therapy may be most effective. 
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SOCIETY PROCEEDINGS, CORRESPONDENCE 
AND NEWS ITEMS 


Items for this section solicited promptly after the events to which they refer 


MEETINGS OF THE ROENTGEN SOCIETIES* 


Unirep States OF AMERICA 


American Roentcen Ray Society 
Secretary, Dr. H. Dabney Kerr, University Hospital, 
Iowa City, Iowa. Annual meeting: Haddon Hall, At- 
lantic City, N. J., Sept. 16-19, 1947. 


American Raptium Society 
Secretary, Dr. H. F. Hare, 605 Commonwealth Ave., 
Boston, Mass. Annual meeting: 1948, to be announced. 


Society oF NortH AMERICA 
Secretary, Dr. D. S. Childs, 607 Medical Arts Bldg., Syra- 
cuse, N. Y. Annual meeting: Hotel Statler, Boston, 
Mass., Nov. 30-Dec. 5, 1947. 


American or RADIOLoGy } 
Secretary, Mac F, Cahal, 20 N. Wacker Drive, Chicago 6. 
Annual meeting: 1948, to be announced. 


Section on Raprotocy, American Mepicat Association 
Secretary, Dr. U. V. Portmann, Cleveland Clinic, Cleve- 
land, Ohio. Annual meeting: 1948, to be announced. 


ALABAMA Society 
Secretary, Dr. C. S. Stickley, 515 Bell Bldg., Montgom- 
ery, Ala. Next meeting time and place of Alabama State 
Medical Association. 


Arkansas Society 
Secretary, Dr. Fred Hames, 511 National Bldg., Pine 
Bluff, Ark. Meets every three months and also at time 
and place of State Medical Association. 


Brooxtyn Roentcen Ray Society 
Secretary, Dr. A. H. Levy, 1354 Carroll St., Brooklyn 13, 
N.Y. Meets monthly on fourth Tuesday, October to April, 


Burrato Rapro.ocicat Society 
Secretary, Dr. Joseph S. Gian-Francheschi, 610 Niagara 
St., Buffalo, N. Y. Meets second Monday of each month 
except during summer months. 


Centrat New York Roentcen Ray Society 
Secretary, Dr. C. F. Potter, 820 S. Crouse Ave., Syracuse. 
Three meetings a year. January, May, November. 


Cuicaco RoentGEN Society 
Secretary, Dr. T. J. Wachowski, 310 Ellis Ave., Wheaton, 
Ill. Meets second Thursday of each month October to 
April inclusive at the Palmer House. 


Cincinnati Society 
Secretary, Dr. Eugene L. Saenger, 735 Doctors Bldg., 
Cincinnati 2, Ohio. Meets last Monday of each month, 
September to May, inclusive. 


Rapro.ocica Society 
Secretary, Dr. George L. Sackett, 10515 Carnegie Ave. 
| Cleveland6, Ohio. Meetings at 6:30 p.m.on fourth Mon- 
day of each month from October to April. 


Datias-Fort Wortu Roentcen Stupy Cius 
Secretary, Dr. X. R. Hyde, Medical Arts Bldg., Fort 
Worth, Texas. Meets in Dallas on odd months and in 
Fort Worth on even months, on third Monday, 7:30 P.M. 


Denver Rapio.ocicaL CLusB 
Secretary, Dr. W. C. Huyler, 1619 Milwaukee, Denver 6, 
Colo. Meets third Friday of each month at Department 
of Radiology, Colorado School of Medicine. 


Detroit Roentcen Ray Anp Rapium Society 
Secretary, Dr. E. R. Witwer, Harper Hospital. Meets 
monthly on first Thursday from October to May, at 
Wayne County Medical Society Building. 

Fioripa Society 
Secretary, Dr. J. M. Dell, Jr., 333 W. Main St., S., Gaines- 
ville, Fla. Meetings in May and November. 

Georoia Rapto.ocicat Society 
Secretary, Dr. Robert Drane, DeRenne Apartments, 
Savannah, Ga. Meets in mid-winter and at annual meet- 
ing of Medical Association of Georgia in the spring. 


RapIoLocicaL Society or Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 


RapioLocicaL Society 
Secretary, Dr. Wm. DeHollander, St. John’s Hospital, 
Springfield, Ill. Meets three times a year. 


InpIANA RoENTGEN Society 
Secretary, Dr. J. A. Campbell, Indiana University Hos- 
pitals, Indianapolis 7. Meets second Sunday in May. 


Iowa X-Ray Cius 
Secretary, Dr. Arthur W. Erskine, 326 Higley Bldg., 
Cedar Rapids, Iowa. Luncheon and business meeting 
during annual session of Iowa State Medical Society. 
Special meetings by announcement. 


Kentucky Rapro.ocicat Society 
Secretary, Dr. W. C. Martin, 321 W. Broadway, Louis- 
ville. Meets annually in Louisville on first Saturday in Apr. 


Lone Istanp Society 
Secretary, Dr. Marcus Wiener, 1430-48th St., Brooklyn, 
N. Y. Meets Kings County Med. Soc. Bldg. roar 
on fourth Thursday, October to May, 8:30 P.M. 


LoutstanaA Rap1o.ocicat Society 
Secretary, Dr. J. R. Anderson, 1130 Louisiana Ave., 
Shreveport. Meets annually during Louisiana State Med- 
ical Society Meeting. 

RADIOLOGICAL Society 
Secretary, Dr. E. L. Pirkey, Louisville General Hospital, 
Louisville 2, Ky. Meets monthly on second Friday at 
Louisville General Hospital. 


Micuican AssociaTION OF ROENTGENOLOGISTS 
Secretary, Dr. E. M. Shebesta, 1429 David Whitney Bldg., 
Detroit. Three meetings a year, Fall, Winter, Spring. 
Mitwaukee Roentcen Ray Society 
Secretary, Dr. C. A. H. Fortier, 231 W. Wisconsin Ave., 
Milwaukee, Wis. Meets monthly on second Monday at 
University Club. 
Minnesota RADIOLOGICAL Society 
Secretary, Dr. Chauncey N. Borman, 802 Medical Arts 
Bldg., Minneapolis 2, Minn. Two meetings yearly, one at 


timeof Minnesota State Medical Association the other in 
the fall. 


* Secretaries of societies not here listed are requested to send the necessary information to the Editor. 
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NesraskA Society 
Secretary, Dr. O. A. Neely, 924 Sharp Bldg., Lindoln, 
Neb. Meets third Wednesday of each month, at 6 p.m. 
at either Omaha or Lincoln. 


New RoentceEn Ray Society 
Secretary, Dr. George Levene, Massachusetts Memorial 
Hospitals, Boston, Mass. Meets monthly on third Friday, 
Boston Medical Library. 


New Hampsuire Roentcen Ray Society 
Secretary, Dr. A. C. Johnston, Elliott Community Hos- 
pital, Keene, N. H. Meets four to six times yearly. 


New York Roentcen Society 
Secretary, Dr. Ramsay Spillman, 115 East 61st St., 
New York City. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 P.M. 


Nortu RADIOLOGICAL SocieETY 
Secretary, Dr. J. E. Hemphill, 323 Professional Bldg., 
Charlotte 2, N. C. Meets in May and October. 


Nortu Dakota RapIoLocIcaL Society 
Secretary, Dr. C. O. Heilman, 807 Broadway, Fargo. 
Meetings held by announcement. 


Outo Society 
Secretary, Dr. Henry Snow, 1061 Reibold Bldg., Dayton, 
Ohio. Meets during annual meeting of Ohio State Medi- 
cal Association. 


OKLAHOMA STATE RADIOLOGICAL SocIETY 
Secretary, Dr. P. E. Russo, 230 Osler Bldg., Oklahoma 
City, Okla. Three regular meetings annually. 


ParisH RADIOLOGICAL Society 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets first Tuesday of each month. 


Paciric RoExTGEN Society 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 


PENNSYLVANIA RADIOLOGICAL SOCIETY ‘ 
Secretary, Dr. J. M. Converse, 416 Pine St., Williamsport. 


PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. C. L. Stewart, Jefferson Hospital. Meets 
first Thursday of each month, October to May, at 8:00 
p.M., in Thomson Hall, College of Physicians. 


PirrsBuRGH ROENTGEN Society 
Secretary, Dr. L. M. J. Freedman, 115 South High- 
land Ave. Meets 6:30 p.m. at Webster Hall Hotel on 
second Wednesday each month, October to May inclusive. 


PortLanD RoentGeNn 
Secretary, Dr. Selma Hyman, University of Oregon Medi- 
cal School, Portland, Oregon. Meets monthly 2d Wednes- 
day, _ p.M., Library of University of Oregon Medical 
ool. 


RaproLocicat Section, BALtimore Mepicat Society 
Secretary, Dr. Harry A. Miller, 2452 Eutaw Place, Balti- 
mane. Meets third Tuesday each month, September to 

ay. 

Rapro.ocicat Section, Connecticut Mepicat Soctety 
Secretary, Dr. Robert M. Lowman, Grace-New Haven 
Community Hospital, New Haven 11, Conn. ‘Meets bi- 
monthly on second Thursday, at place selected by Secre- 
tary. 

Raprotocica Section, Los Ancetes Co. Mep. Assn. 
Secretary, Dr. Moris Horwitz, 2009 Wilshire Blvd., Los 
Angeles 5, Calif. Meets on second Wednesday of each 
month at the County Society Building. 


Rapto.ocicat Section, SourHeRN Mepicat AssociaTIoNn 
Secretary, Dr. Roy G. Giles, Temple, Texas. 
Rapiotocicat Society or New Jersey 
Secretary, Dr. Raphael Pomeranz, 31 Lincoln Park, New- 
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ark, N. J. Meets annually at time and place of State 
Medical Society. Mid-year meetings at place chosen by 
president. 


Rocuester Roentcen Ray Society, Rocuester, N. Y. 

Secretary, Dr. Murray P. George, Strong Memorial Hos- 

ital. Meets monthly on third Monday from October to 
ay, inclusive, 8 p.m. at Strong Memorial Hospital. 


Rocky Mountain Rapro.ocicat Society 
Secretary Dr. A.M. Popma, 220N. First St., Boise, Idaho. 
Mid-Summer Conference, Shirley Savoy Hotel, Denver, 
Colo., Aug. 7, 8, 9, 1947. 


St. Louts Society or 
Secretary, Dr. Edwin C. Ernst, Beaumont Medical Build- 
ing, St. Louis, Mo. Meets fourth Wednesday of each 
month, except June, July, August, and September. 


San Dieco RoentGen Society 
Secretary, Dr. R. F. Niehaus, 1831 Fourth Ave., San 
Diego, Calif. Meets monthly, first Wednesday at dinner. 


Section on Rapio.ocy, CaLtrorniA MEDICAL AssociATION 
Secretary, Dr. D. R. MacColl, 2007 Wilshire Blvd., Los 
Angeles 5, Calif. 


Section On Rapro.ocy, Srate Mepicar Society 
a Dr. H. W. Ackemann, 321 W. State St., Rock- 
ord, Ill. 


SHREVEPORT RaDIOLoGicaL CLuB 
Secretary, Dr. R. W. Cooper, Charity Hospital, Shreve- 
port, La. Meets monthly on third Wednesday, at 
7:30 P.M., September to May inclusive. 

SoutH Caroiina X-Ray Society 
Secretary, Dr. T. A. Pitts, Baptist Hospital, Columbia, 
S. C. Meets in Charleston on first Thursday in Novem- 
ber, also at the time and place of South Carolina State 
Medical Association. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. M. Frére, 77 Walnut St., Chattanooga, 
Tenn. Meets annually at the time and place of the 
Tennessee State Medical Association. 

Texas Rapiotocicat Society 
Secretary, Dr. R. P. O'Bannon, 650 Fifth Ave., Fort 
Worth 4, Texas. 

University or MicuicANn DeparTMENT OF ROENTGEN- 
oLocy Starr MEETING 
Meets each Monday evening from September to June, 
at 7 P.M. at University Hospital. 

University or Wisconsin RADIOLoGIcAL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets first and third Thursdays 4:00 to 5:00 
p.M., September to May inclusive. Room 203, Service 
Memorial Institute, 426 N. Charter St., Madison. 

Uran ConFERENCE 
Secretary, Dr. Henry H. Lerner, School of Medicine, 
University of Utah, Salt Lake City 1. Meets 1st and 3rd 
Thursdays monthly from 7:30 to 10 P.m., Salt Lake 
County General Hospital, September to June. 

Uran Strate Rapio.ocicat Society 
Secretary, Dr. M. Lowry Allen, Judge Bldg., Salt Lake 
City 1, Utah. Meets third Wednesday in September, 
November, January, March and May. 


VirointaA Society 
Secretary, Dr. E. L. Flanagan, 116 E. Franklin St. 
Richmond, Va. Meets annually in October. 


Wasuincton State Society 
Secretary, Dr. Thomas Carlile, 1115 Terry St., Seattle. 
Meets fourth Monday each month, October through May, 
College Club, Seattle. 


X-Ray Strupy or San Francisco 
Secretary, Dr. Ivan J. Miller, 2000 Van Ness Ave. Meets 
monthly on third at P.M., first six 
months of year at Lane Hall, Stanford University 
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Hospital, and second six months at Toland Hall, Uni- 
versity of California Hospital. 


CusBa 


Sociepap pe Rapio.ocfa y FistorerAPiA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 


Mexico 


SocieDaD Mexicana DE RapIoLocia FIsIOTERAPIA 
General Secretary, Dr. D. P. Cossio, Marsella No. 11, 
Mexico, D. F. Meets first Monday of each month. 


BritisH Empire 


British Instirute oF RapioLocy INcoRPORATED WITH 
THE ROoENTGEN SOCIETY 
Medical Members’ meeting held monthly on third Friday 
at 2:30 p.m. and Ordinary Meeting at same time on 
following Saturday, October to May, 32 Welbeck St., 
London, W.1. 


Facutty or RapIoLocists 
Secretary, Dr. M. H. Jupe, 23 Welbeck St., London, W.1 
England. 


Section oF Rapio.ocy or THE Society or Mept- 
cine (ConrineD To Mepicat MempBers) 
Meets third Friday each month at 4:45 p.m. at the Royal 
Society of Medicine, 1 Wimpole St., London. 


CANADIAN ASSOCIATION OF RADIOLOGISTS 
Honorary Secretary, Dr. E. M. Crawford, 2100 Marlowe 
Ave., Montreal 28, Que. Meetings January and June. 


Secrion or Rapiotocy, Canapian Mepicat AssociaTION 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 


CANADIENNE-FRANCAISE D’ELECTROLOGIE ET DE 
RapioLocie MEDICALES 
Secretary, Dr. Origéne Dufresne, 4120 Ontario St., East, 
Montreal, P.Q. 


RADIOLOGICAL SECTION OF THE VICTORIAN BRANCH OF THE 
British Mepicat Association 
Secretary, Dr. Keith Hallam, St. George’s Hospital. 
K.E.W., Melbourne, E. 4, Victoria, Australia. Meets 
monthly from March to November inclusive. 


Section or RaprioLocy Mepicat Etecrriciry, Avus- 
TRALASIAN Mepicat Concress 
Secretary, Dr. H. M. Cutler, 139 Macquarie St., Sydne 
New South Wales. 


Rapro.ocicat Secrion, New ZEALAND BritisH MepiIcat 
ASSOCIATION 
Secretary, Dr. Colin Anderson, Invercargill, New Zea- 
land. Meets annually. 
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SouTH AMERICA 


SocieEDAD ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Guido Gotta, Buenos Aires, Argentina, 
Meetings are held monthly. 


SocreDAD PeRuANA DE RADIOLOGIA 
Secretary, Dr. Julio Bedoya Paredes, Apartado, 2306 
Lima, Peru. Meetings held monthly except during 
anuary, February and March, at the Asociacién 
— Peruana “Daniel A. Carrién,” Villalta, 218, 
ma. 


ConTINENTAL Europe 


Société Betce pe Rapio.ocie 
General Secretary, Dr. S. Masy, 111 Avenue des Alliés, 
Louvain, Belgium. Meets monthly, second Sunday at 
Maison des Médecins, Brussels. 


CESKOSLOVENSKA SPOLEGNOST PRO RONTGENOLOGII A 
RADIOLOGII V PRAZE 
Secretary, MUDr. Roman Blana, Praha XII, Korunn{ 
160, Czechoslovakia. 


Society or RADIOLOGY 
First post-war inaugural meeting will be held in Warsaw, 
May 22 and 23, 1947. 


Warsaw Section, Poutsu Society or Rapio.ocy 
Secretary, Dr. L. Zgliczynski, Nowogrodzka 59, Warsaw, 
Poland. Meets monthly. 


SocieTaTEA Romana DE Rapio.ocie st ELecrro.ocie 
Secretary, Dr. Oscar Meller, Str. Banual Maracine, 30, 
S. L., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 


Att-Russ1an Roentcen Ray Association, LENINGRAD: 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 


LenincraD Roentcen Ray Society 
Secretaries, Drs. S. G. Simonson and G. A. Gusterin. 
Meets monthly, first Monday at 8 o'clock, State Institute 
of Roentgenology and Radiology, Leningrad. 


Moscow Roentcen Ray Society 
Secretaries, Drs. L. L. Holst, A. W. Ssamygin and S. T. 
Konobejevsky. Meets monthly, first Monday, 8 p.m. 


SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 


Espanota De Raprotocia ELectroLocia 
Secretary, Dr. J. Martin-Crespo, Fuencarral, 7. Madrid, 
Spain. Meets monthly in Madrid. 


Société Suisse DE RapioLocie (ScHWeIzeRISCHE R6nT- 
GeN-GESELLSCHAFT) 
Secretary for French language, Dr. Babaiantz, Geneva. 
Secretary for German language, Dr. Max Hopf, Effinger- 
strasse 49, Bern. Meets annually in different cities. 
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AMERICAN ROENTGEN RAY SOCIETY 
SECTION ON INSTRUCTION* 


B. R. Kirkxirn, M.D., Director 
Abstracts of Courses Offered 


Forty-eighth Annual Meeting 
Haddon Hall, Atlantic City, New Jersey 
September 16-19, 1947 


President-Elect Edwards, with the ap- 
proval of the Executive Council, has di- 
rected that the Section on Instruction be 
continued for the 1947 annual meeting. He 
has arranged his program so that the in- 
struction courses will be given between the 
hours of 2:00 P.M. and 4:45 P.M. on 
Tuesday, Wednesday and Thursday, and 
2:00 P.M. and 3:15 p.M. on Friday. Nothing 
else will be scheduled during these hours, 
thus allowing everyone at the meeting to 
attend the Instruction Courses each after- 
noon. 

This Section presents for 1947: 

1. Six special Sequential Courses, let- 
tered “A” to “F,” with a faculty of seven 
instructors and covering fifteen periods. 

2. Seven single-period courses on Radia- 
tion Physics, with a faculty of seven in- 
structors and covering seven periods. 

3. Thirteen single-period courses on 
Therapeutic Radiology, with a faculty of 
thirteen instructors and covering thirteen 
periods. 

4. Twenty-one single-period courses on 
Diagnostic Roentgenology, with a faculty 
of twenty-one instructors and covering 
twenty-one periods. 


GENERAL INFORMATION 


Conference Periods 
Tuesday, Wednesday, Thursday and 


Friday afternoons 


2:00 to 3:15 
Second period.............. 3230 to 4:45 


Location 


All courses will be given in rooms A to 
H located on the thirteenth floor of Haddon 
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Hall. Full information may be secured at 
the general registration desk which will be 
located on the Lounge Floor. 


Code 


The instruction periods will be desig- 
nated with the following code: 


T-1 Tuesday, first period.......2:00 to 3:15 
T-2 Tuesday, second period. . ..3:30 to 4:45 
W-1 Wednesday, first period. ...2:00 to 3:15 
W-2 Wednesday, second period. .3:30 to 4:45 


Th-1 Thursday, first period......2:00 to 3:15 
Th-2 Thursday, second period. . . 3:30 to 4:45 
F-1 Friday, first period........ 2300 to 3:15 


(Familiarity with this code will 
avoid much confusion) 


How To Secure Tickets for Instruction 
Courses 


Admission to the Instruction Courses 
will be by ticket only. 

Following the abstracts of the courses 
will be found a general order sheet. First, 
second and third choices for each period 
should be carefully selected as the number 
attending each course given during these 
periods will be limited to from thirty to 
forty persons. If directions as given on 
the order sheet are followed explicitly, er- 
rors in completing reservations will be min- 
imized. 

If you are requesting registration in one 
or more of the Special Sequential (continu- 
ous) Courses, please indicate for each pe- 
riod your second and third choices of indi- 
vidual single-period courses as substitutes 
—to avoid disappointment should the Se- 
quential Courses be filled when your order 
is received. 

It is possible for one to attend only seven 
periods of instruction, so the condensed 
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schedule should be noted carefully in ar- 
ranging individual orders for tickets. 

Reservations will be made in the order of 
receipt of the order forms. Those who are 
not members of the American Roentgen 
Ray Society will be charged a nominal fee 
of $1.00 per period, or a maximum fee of 
$5.00 for five or more periods. Full time 
graduate students in Radiology will be ad- 
mitted without fee. 

Previous to September 6, send orders to 
Rochester, Minnesota; after September 6, 
send orders directly to Dr. B. R. Kirklin, 
Haddon Hall, Atlantic City, New Jersey. 

If the courses are not filled by the time 
of the meeting, tickets will be available at 
the registration desk on Sunday, September 
14, and thereafter during the meeting. 


Holders of Tickets 


Those who do not have a proper ticket 
for the assigned course will not be per- 
mitted to enter the room. Pages will be 
assigned to each conference room to collect 
tickets. 


Duplications and Repeats 


Due to the anticipated heavy registration 
a few of the single-period courses will be du- 
plicated by two or more instructors. 


SEQUENTIAL COURSES 


COURSE A 
(2 periods) 


Room: A Periods: W-2; Th-2 
RALPH S. BROMER, M.D., Philadelphia, Pa. 


The Differential Diagnosis of Skeletal Changes 
Occurring in Diseases of Infants 
and Children 


The time allotted will be spent in discussing the 
differential roentgen diagnosis of skeletal changes 
occurring in diseases of infancy and childhood. All 
such diseases cannot be included in the time avail- 
able for the course. Case material will be chosen 
from the following list: congenital syphilis, rickets, 
infantile scurvy, tuberculosis, lead poisoning, the 
blood dyscrasias, xanthomatosis and allied con- 
ditions, osteogenesis imperfecta, achondroplasia, 
multiple enchondromata, multiple cartilaginous ex- 
ostoses, metastases caused by neuroblastoma, osteo- 
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chrondritis and endocrine disturbances. Wherever 
possible the early roentgen changes will be empha- 
sized. The question of differential diagnosis will be 
approached from the standpoint of the predisposition 
of the various diseases to affect certain bones or cer- 
tain areas of individual bones. Thus in the case of the 
long bones, differential roentgen signs of the disease 
processes in the epiphysis, the diaphysis, the me- 
taphysis, the periosteum, cortex, etc., will be given in 
detail. 


COURSE: B 
(2 periods) 


Room: G Periods: Th-2; F-1 
S. W. DONALDSON, M.D., Ann Arbor, Michigan 
Medical Jurisprudence as Applied to Radiology 


This course will take into consideration the rela- 
tionship between physician and patient and the 
various contracts entered into between them. Mal- 
practice will be defined and consideration given to 
all acts of the radiologist that may be subject to 
allegation of negligence or other grounds for suit. 
The Law of Agency will be discussed and its applica- 
tion to the radiologist in regard to his liability for 
the acts of those employed by him. Pointers will 
be given about malpractice defense and prophylaxis. 
The legal requirements for the introduction of films 
as evidence in courts of law will also be taken up as 
well as that for physician’s records and hospital 
records. There will be discussion of privileged com- 
munications as related to roentgen examinations, 
the admissibility of evidence, expert testimony, 
expert witness fees, and court room procedure for 
the witness. 


COURSE: C 
(3 periods) 


Room: A Periods: T-1; W-1; Th-1l 
ROSS GOLDEN, M.D., New York City 


Roentgenology of the Small Intestine 


Tuesday 


Technique 
Normal small intestine 
Anatomy 
Physiology 
Indications for small intestine study 
Diverticula 
Disturbances in physiology 
Emotion 
Vagotonia 
Multiple peritoneal adhesions 
Developmental anomalies 
Internal hernia 
Congenital diaphragm 
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Effect of disease of the mesentery 
Localized 
Generalized 
Lymphoblastoma 
Sclerosing mesenteritis 


Wednesday 
The “Deficiency Pattern’”’ 
Vitamin deficiency states 
Hypoproteinemia 
Biliary tract disease 
Pancreatic disease 
Allergy 
Inflammations 
Tuberculous 
Non-tuberculous 
Sclerosing regional enteritis 
Non-sclerosing regional enteritis 


Thursday 
Neoplasms 
Benign 
Malignant 
Carcinoma and carcinoid 
Lymphosarcoma 
Localized 
Diffuse 
Benign ulcer 
Ileus 
Diagnosis by 3 position abdominal films 
Paralytic 
Mechanical 
Mesenteric vascular occlusion 
The Miller-Abbott tube 
Technique of insertion 
Deflation 
Injection of barium for 
1. Localization 
2. Demonstration of type of obstruction 
Complications 


COURSE: D 
(2 periods) 


Room: B Period: T-2; W-2 
GEORGE W. GRIER, M.D., Pittsburgh, Pa. 


The Diagnosis of Congenital Heart 
Lesions in Children 


Various malformations and congenital lesions of 
the heart will be discussed. Lesions which produce 
characteristic changes will be presented, as well as 
combinations of lesions. Other lesions in which the 
roentgen findings and clinical evidence combined 
will make a diagnosis will also be discussed. Films of a 
number of cases that have come to autopsy will be 
presented. 
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COURSE: E 
(4 periods) 


Room: H Periods: T-1; W-1; Th-1; F-1 


W. WALTER WASSON, M.D., Denver, Colo. 
The Anatomy, Physiology, and Mechanics of the 
Chest as a Basis for the Study of Chest Dis- 
eases and Their Classification 


This is an effort to portray the chest so that the 
clinician or radiologist can actually visualize the 
thoracic viscera and their diseases. A child begins 
life with certain anatomical structures which change 
with the years both as a result of a physiological proc- 
esses and disease. The pathological reactions which 
the clinician or the radiologist is called upon to di- 
agnose are definitely influenced by the particular 
physiology and mechanics of this anatomy. Accord- 
ingly, any classification of chest disease must be 
based upon the pathological reactions of disease as 
influenced by anatomy and of the physiology and 
mechanics of this anatomy. 

The presentation will be made in the following 
sections: 


1. Anatomy of the Lungs Period: T-1 
2. Physiology and Mechanics of the 


Chest and Particularly of the 


Lungs Period: W-1 
3. The Classification of Diseases of 
the Lungs Period: Th-1 


4. Illustrations of the Different Dis- 
eases of the Lungs and their 
Diagnosis. 


Period: F-1 


COURSE: F 
(2 periods) 


Room: C Periods: T-2; W-2 


GEORGE M. WYATT, M.D., Washington, D. C. 
W. S. RANDALL, M.D., Washington, D. C. 
Benign and Malignant Lesions of Bone 


This material is selected from the cases admitted 
to the Walter Reed General Hospital in its capacity 
as a tumor center during World War II. Lantern 
slides include the roentgenographic, gross, and 
microscopic appearance of the various lesions. 

Among the conditions to be considered are osteo- 
myelitis, osteoid osteoma, fibrous dysplasia, eosino- 
philic granuloma, giant cell tumor, lymphoma, 
chondrosarcoma, osteogenic sarcoma, Ewing’s tumor, 
neuroblastoma, and myeloma. 

Attention will be directed to correlation of the 
roentgen appearance and gross pathology and to 
differential diagnosis of benign and malignant 
lesions. 
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SINGLE PERIOD COURSES 
RADIATION PHYSICS 
COURSE: 101 
Room: G Period: T-1 


CARL B. BRAESTRUP, Ph.D., New York City 


Common Causes of Radiation Hazards 
in Roentgenology 


Radiation injuries are caused mainly by faulty 
equipment, inadequate structural shielding or im- 
proper operating procedures. 

Equipment. Mcst improvements in roentgen-ray 
equipment have been in the direction of greater 
safety. Thus the protective tube housing practically 
limits the radiation to the useful beam. On the other 
hand, the important progress made in roentgen- 
ray tube design has so greatly increased the available 
dosage rate that permanent skin injuries may be 
produced in a few seconds. It is important, therefore, 
that roentgen therapy equipment be provided with 
accurate means for the control of the dose. 

The protection afforded the patient, the radiolo- 
gist and attendants during fluoroscopy depends to a 
large extent upon the construction of the fluoroscope. 
The use of large target-panel distances and adequate 
filtration reduces materially the exposure to the 
patient. The dose received by the fluoroscopist can 
be cut down considerably by proper diaphragming 
of the useful beam and ample shielding against scat- 
tered radiation. 

Structural Shielding. The use of protective equip- 
ment has often produced a false sense of security 
especially where the equipment is represented as 
“ray-proof.’” Obviously barriers must be provided 
against the useful beam and resultant scattered 
radiation. Radiation injuries due to inadequate 
structural shielding seldom manifest themselves for 
years when permanent damage has already been 
done. No roentgen-ray installations, therefore, 
should be considered safe until so established by 
ionization measurements or similar tests. 

Operating Procedures. Most radiation injuries can 
be ascribed to the failure of the human element, 
caused either by carelessness or lack of understand- 
ing of the protection problem. Fracture setting under 
fluoroscopy is probably the greatest cause of radia 
tion injuries in diagnostic roentgenology. The great- 
est radiation hazard in therapy is the omission o- 
the proper filter. Another frequent cause of over- 
exposure of the patient is the incorrect use of ioniza- 
tion instruments. 

Actual cases of radiation hazards will be presented 
to demonstrate that no roentgen-ray installation is 
safe unless properly used. 
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COURSE: 102 


Room: E Period: W-1 
G. FAILLA, Ph.D., New York City 
Dosage Problems in the Use of 
Radioactive Isotopes 


Radioactive isotopes. Availability and possible 
uses as tracers and for therapy. 

Discussion of physical characteristics (activity, 
half-life, type and energy of radiation). 

Tissue dosage determinations: (1) when used in 
“applicators’’ as in the case of radium or radon; (2) 
when introduced into the body as chemical com- 
pounds. 

Influence of rate of decay, elimination, local con- 
centration. 

Dangers in the use of radioactive isotopes in- 
ternally administered. 

Protection of personnel. 

Dosage data and charts will be presented. 


COURSE: 103 
Room: E Period: T-2 


GEORGE C. HENNY, M.Sc., M.D., 
Philadelphia, Pa. 


Roentgen Film Characteristics and the Practical 
Calibration of Roentgenographic Apparatus 
and Processing Solutions 


The characteristics of the roentgen film emulsion 
(together with intensifying screens if they are used), 
in which the roentgenologist is mainly concerned, 
are the “‘speed’’ and the “‘contrast.’’ These charac- 
teristics are of great importance. 

The “speed’’ determines the degree of darkening 
of the processed film, after standard development, 
for a given roentgenographic exposure and a particu- 
lar anatomic part. 

The “contrast,” under the same conditions, deter- 
mines the degree to which tissue density-differences 
and thickness-differences of the anatomic part will 
be recorded on the roentgenogram. 

For uniformity of results the roentgenographic 
apparatus and processing solutions should be cali- 
brated at regular intervals. Fairly simple methods 
of calibration, which are accurate enough for the 
purpose, are described and may be employed in the 
roentgen department without great outlay of time 
or money. When properly employed the roentgeno- 
grams of a given patient show uniform density from 
one examination to the next and the detail of the 
anatomic parts being studied is, as far as the film 
emulsion is concerned, brought out to the greatest 
degree. 
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COURSE: 104 
Room: E Period: Th-2 


EDITH H. QUIMBY, Sc.D., New York City 
Dosage Calculations in Radium Therapy 


The development of dosage units for radium 
therapy will be traced briefly. Various charts and 
tables for determination of dosage in roentgens will 
be presented. Most of the period will be devoted to 
working out practical problems. 


COURSE: 105 


Room: G Period: Th-1l 
LAURISTON S. TAYLOR, Ph.D. 
Washington, D. C. 


Ionization Chambers and Their Uses 


A non-technical discussion will be given on the 
uses and limitations of various types of ionization 
chambers. The clinical applications of the thimble 
chamber will be discussed pointing out the limita- 
tions in its use, the methods of making corrections 
in measurements, and the general factors which 
enter into the measurements. The problem of meas- 
uring very soft roentgen rays by means of special 
ionization chambers will also be discussed. The meas- 
urement of megavolt radiation and gamma rays to- 
gether with the instrumental limitations will be 
developed together with the means of applying cor- 
rections to the clinical measurements that may be 
made. 


COURSE: 106 


Room: G Period: W-2 


J. L. WEATHERWAX, M.S., Philadelphia, Pa. 
Dosage Calculations in Roentgen Therapy 


1, Comparison of roentgens measured in air, on 
the skin and at a depth in a phantom or tissue. 

2. Factors influencing backscatter to skin portals. 

3. Factors influencing penetration into the tissue. 

4. Depth dose charts and a study of the intensity 
tables as found in “Physical Foundations of Radi- 
ology.” 

5. Study of contact therapy as to quality, pene- 
tration and radiation distribution. 

6. A short discussion of supervoltage radiation 
therapy. (If time permits.) 

7. Methods of estimating tumor dose in tissue 
roentgens. 


Section on Instruction 


245 


COURSE: 107 
Room: D Period: F-1 


MARVIN M. D. WILLIAMS, Ph.D. 
Rochester, Minnesota 


Roentgen-Ray Circuits and Apparatus 


The effect of voltage and current and their wave 
forms on the quality and dosage rate of radiation 
will be briefly reviewed. The common circuits used 
in roentgenographic and therapy machines will be 
illustrated, and the voltage and current wave forms 
produced by each will be shown on an oscillograph. 
The effect on voltage wave form produced by certain 
changes in equipment will be shown and the resultant 
effect on radiation output discussed. 


THERAPEUTIC RADIOLOGY 


COURSE: 201 
Period: Th-1 


E. C. ERNST, M.D., St. Louis, Mo. 


Practical Concepts of Radiation Treatment of 
Carcinoma of the Cervix Uteri 


Room: C 


SYNOPSIS 

(a) Clinical Management and Preliminary Considera- 
tions 

(b) Indications for Roentgen Therapy: 

1. Indirect irradiation of the pelvis. 

2. Direct (intravaginal) roentgen-ray applica- 
tions. 

(c) Essential Tumor Dose Measurement Factors 
(d) Indications for Radium Therapy: 

1. Evaluation of the various methods and the 
intracervical applicators. 

2. Essential minimum requirements for obtain- 
ing the ideal uniform distribution of radium 
radiations. 

(e) Prognostic Factors: 

1. Tumor grading. 

2. Stage of the disease. 

3. Initial response to preliminary roentgen ir- 
radiation. 

(f) Final Discussion Period: 

1. Case presentations. 

2. Questions (15 minutes). 


ABSTRACT 


The practical irradiation management of carci- 
noma of the cervix will be discussed both from the 
standpoint of the institutional tumor clinic and the 
private office procedure. Although realizing that the 
radiation treatment standards continue to remain 
somewhat in a state of flux and that individualiza- 
tion in the application of roentgen rays and radium 
is a most essential consideration, nevertheless certain 
fundamental concepts in our routine procedures are 
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most helpful in the management of cancer of the 
cervix. These and many other practical therapeutic 
considerations, including external roentgen therapy, 
intracavity radium and roentgen methods of treat- 
ment and the dosage measurement problems, will 
be discussed and illustrated. 


COURSE: 202 
Period: T-2 


HARRY H. BOWING, M.D. 
Rochester, Minnesota 


Room: C 


Carcinoma of the Uterus and Radiation Therapy 


Carcinoma of the uterus may be recognized readily 
or all the efforts of an experienced physician may 
be necessary to make the diagnosis and to determine 
the probable site of the primary lesion. Carcinoma is 
an individual disease and the management and treat- 
ment must definitely be individualized to obtain a 
satisfactory rate of cure or palliative arrest of the 
disease. The demands made on a therapeutic radiolo- 
gist may be those made on a diagnostician, a ther- 
apist or a consultant. The fundamental features of a 
proved method of treatment will be considered. 


COURSE: 203 
Room: B Period: F-1 


MILTON FRIEDMAN, M.D., New York City 
Supervoltage Roentgen Therapy 


The increasing use of supervoltage roentgen 
therapy necessitates reorientation of certain con- 
cepts in radiotherapy. Since skin damage is no longer 
a major obstacle, the principle of “giving as much as 
the skin can stand’”’ is no longer a guide. It now be- 
comes necessary to ascertain the specific lethal 
tumor dose for the lesion being irradiated, and the 
tolerance dose of the adjacent normal structures, 
which varies considerably for different organs. 

Physical characteristics of a beam of supervoltage 
radiation will be discussed from the standpoint of 
clinical applications. 

The methods of ascertaining the tumor dose of the 
lesion under treatment will be discussed, including 
principles of interpretation of quantitative cytologic 
destruction in biopsies taken during treatment. . 

Finally specific tumors will be discussed from the 
standpoint of (1) radioincurable lesions which are 
brought within range of radiocurability by super- 
voltage roentgen therapy; (2) lesions ordinarily 
treated with 200 kv., which can be more efficiently 
treated with supervoltage radiation; and (3) im- 
proved palliation obtained with supervoltage radia- 
tion. 
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COURSE: 204 
Period: W-] 


HAROLD W. JACOX, M.D., New York City 
Complications Following Irradiation of the Pelvis 


Room: B 


The discussion will include those complications 
which are general and local, both immediate and 
late, of slight and serious consequence. Consideration 
will be given to details of the rate and methods of 
applying roentgen and radium therapy for pelvic 
lesions. The various organs involved will be evalu- 
ated from the standpoint of their tolerance to irradi- 
ation. The mechanism and management of these 
complications will be considered with a view to 
avoiding them if possible. 


COURSE: 205 
Room: C Period: W-2 


H. DABNEY KERR, M.D., Iowa City, Iowa 
Irradiation of Malignant Tumors of the Pelvis 


This will be a general discussion of the problem of 
delivering ‘adequate’ doses of radiation to pelvic 
lesions, especially carcinoma of the cervix. It will 
necessarily have to include reference to basic physical 
problems or irradiation. The technique of irradiation 
in use currently at the State University of Iowa will 
be presented not as a fixed method but as one which 
seems to be working effectively. There will also be a 
discussion of local and general complications, in- 
cluding osseous damage. 


COURSE: 206 
Room: B Period: Th-2 


MAURICE LENZ, M.D., New York City 


Roentgen Therapy of Lymphosarcoma 


The result of roentgen therapy of lymphosarcoma 
varies with inherent clinical characteristics, micro- 
scopic structure, assumed primary site, extent on ad- 
mission and tumor dosage. 

A detailed analysis will be given of the experience 
with this treatment at the Presbyterian Hospital, 
New York. 


COURSE: 207 
Room: D Period: T-1 


T. LEUCUTIA, M.D., Detroit, Mich. 
Radiation Therapy of Bone Tumors 


(1) Osteogenic sarcoma. Radiation therapy is 
used in association with surgery in pre- or postopera- 
tive form in all types, except the pure osteolytic 
type, in which it is used alone. In the inoperable 
group, irradiation produces definite symptomatic 
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relief. The five year survival for the entire series 
amounts to 17 per cent. 

(2) Giant cell tumor. Here radiation therapy is 
the method of choice. There are two requisites: (a) 
irradiation must be carried out with gradually de- 
creasing doses for nearly two years, and (4) a limited 
use of the affected bone must be made so as to pre- 
vent marked demineralization from disuse. The final 
results are, with few exceptions, good. 

(3) Ewing’s tumor. In the very early cases, radia- 
tion therapy may lead to occasional five year sur- 
vival; in the others, only palliation is obtained, al- 
though the immediate response is often striking. 

(4) Multiple myeloma. Radiation therapy leads 
to limited symptomatic relief, but no cure is possible. 

(5) In the group of benign tumors, radiation ther- 
apy is of definite value in chondroma, myxoma, 
hemangioma, cystic conditions, etc. 

The detailed procedure is presented in the various 
groups and the technique of irradiation illustrated. 
Final statistical data are included. 


COURSE: 208 
Room: H Period: W-2 


CHARLES L. MARTIN, M.D., Dallas, Texas 


Complete Care of Cancer of Mouth and Lip 
Including Cervical Metastases with 
Irradiation Alone 


A plan for the complete radiological care of all 
stages of cancer of the mouth and lip will be de- 
scribed. Although both radium and roentgen rays 
are used, the equipment is relatively inexpensive and 
the time of treatment is short. Much emphasis will 
be placed on the intensive irradiation of metastatic 
cervical glands, using a combined roentgen-ray and 
interstitial radium technique, which has yielded 
some very promising results. Detailed descriptions 
of the procedure used in a number of actual cases 
have been prepared for presentation. 


COURSE: 209 
Room: B Period: Th-1 


WILLIAM S. NEWCOMET, M.D., 
Philadelphia, Pa. 


Radium Therapy of Hemangiomata 


The fact that hemangiomata occasionally disap- 
pear has led many physicians to defer treatment. 
Seventy per cent of these tumors enlarge shortly 
after birth; therefore treatment should be early, and 
thus save extension of the mass. Periodic growth. 
Portwine marks noticed at birth, rarely change in 
size and are not superficial. Pathologic difference, 


Section on Instruction 247 


between the types, is responsible for variation of 
results from treatment. Comparison of the roentgen 
ray and radium. Complications during treatment. 
Difficulties encountered from previous forms of 
treatment, thickened scars, and keloids. Spon- 
taneous ulceration, ulceration occurring during treat- 
ment. Complication from local lack of growth and 
function, deformity due to tumor, dermatitis, 
telangiectasis. Malignancy more likely in the pig- 
mented variety. Treatment should be mild. Large 
masses upon the scalp should disappear and bald 
spots should be exceedingly rare. These tumors are 
usually more radiosensitive than hair. Discussion of 
treatment in the young infant, child and adult. Com- 
parison with other types of treatment: surgery, elec- 
tric modalities, caustics, injections of various solu- 
tions. General review of groups and individual cases, 
with emphasis upon bone changes observed in dif- 
ferent types. Results observed immediately after 
treatment and ten to twenty years later. A plea for 
early treatment. 


COURSE: 210 
Room: C Period: Th-2 


G. E. PFAHLER, M.D., Philadelphia, Pa. 
Radiation Treatment of Cancer of the Breast 


The technique for the treatment of cancer of the 
breast cannot be standardized. The treatment will be 
demonstrated for cancer of the breast in various 
stages, including positioning of patient for treat- 
ment. 

There will also be a demonstration of some of the 
cases treated primarily and completely by irradia- 
tion, also preoperative and postoperative irradiation, 
including the management of recurrences. 


COURSE: 211 
Room: C Period: F-1 


GORDON E. RICHARDS, M.D., Toronto, Canada 


Radiation Therapy of Malignant Tumors of 
Lips, Tongue and Mouth 


This course will be a lecture demonstration il- 
lustrated by numerous kodachromes covering the 
most effective methods of treatment of primary 
malignant tumors occurring in the lips, gingivae, 
buccal mucosae, tongue and floor of mouth. While 
the course is intended to deal chiefly with the most 
satisfactory methods of treatment of primary lesions 
by means of radiotherapy, a discussion will also be in- 
cluded on the general problem of metastatic involve- 
ment of regional lymph nodes and the most suitable 
treatment of this complication. 
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COURSE: 212 


Room: D Period: T-2 


ROBERT B. TAFT, M.D., Charleston, S. C. 
Dosage Measurement from a Clinical Standpoint 


The various methods in common use for measuring 
clinical roentgen-ray dosage will be discussed, and 
the advantages and disadvantages of each pointed 
out. The value of the roentgen as a clinical unit will 
be compared with formerly used units. Pros and cons 
for the direct dosage measurement on the skin of 
the patient throughout the treatment time will be 
given. Air measurements versus skin measurements 
will be outlined and tables given for backscattering 
at commonly used wavelengths. Brief mention will 
be made of methods of determining stray radiation 
around a laboratory, either medical or industrial. 
Half of the period will be taken up with the above 
and round table discussion will follow. Throughout, 
an earnest effort will be made to keep the matter 
within the scope of the clinical radiologist who has 
little knowledge of, or interest in, pure physical 
measurements. The instructor, having had experi- 
ence in both clinical and physical work, will attempt 
to narrow the far-too-wide gap between the clinician 
and physicist. 


COURSE: 213 


Room: F Period: W-1 


B. P. WIDMANN, M.D., Philadelphia, Pa. 
Radiation Therapy in Cancer of the Skin 


Technical procedures for the radium and roentgen 
treatment of cancer of the skin will be reviewed and 
analyzed in detail. A definite predetermined plan of 
dosage has been formulated according to the esti- 
mated surface area and thickness of the lesion. Spe- 
cial emphasis will be placed on the value of low volt- 
age roentgen rays (100—-135 kv.), and a clinical com- 
parison with radium will be made according to a 
great variety of patterns for single and multiple ra- 
dium tubes with different sizes of fields, filters and 
distances. Conclusions will be drawn from a large 
clinical experience with massive and fractional doses. 
Determinations of the “maximum safe dose,” the 
“minimal effective dose,”’ the daily intensity and the 
probably best rate of administration will be con- 
sidered with specific recommendations after a rou- 
tine experience demonstrating results and skin toler- 
ance. 
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DIAGNOSTIC ROENTGENOLOGY 


COURSE: 301 
Room: D Period: W-1 


PAUL A. BISHOP, M.D., Philadelphia, Pa. 


Examination and Diagnosis of Lesions of the 
Temporomandibular Joint 


The frequency with which injuries of the tempo- 
romandibular joint are overlooked, both clinically 
and roentgenographically, has led to an appalling 
number of permanent, serious disabilities of the 
mandible. A technique for the roentgenographic 
study of this joint is presented with lantern slide 
demonstration of acute and chronic injuries, as well 
as various non-traumatic conditions. 


COURSE: 302 
Room: G Period: T-2 


FRANKLIN B. BOGART, M.D., 


Chattanooga, Tennessee 
Leukosarcoma 


The literature will be briefly reviewed and cases 
will be presented which illustrate the typical 
Sternberg syndrome with mediastinal tumor and 
other variations of borderline cases which present 
some features of lymphosarcoma and some features 
of leukemia. 


COURSE: 303 
Room: F Period: W-2 


JAMES T. CASE, M.D., Chicago, Ill. 


The Roentgenologic Diagnosis of Carcinoma 
of the Colon 


In the diagnosis of carcinoma of the colon the 
pathological and anatomical considerations vary ac- 
cording to the location of the tumor in the right or 
left half of the colon. In colonic polyposis the symp- 
tomatology, like the pathology, varies with the 
position of the tumor in the right or left colon. Spe- 
cial technique is a matter of utmost importance. 
Repetition of the examination is often necessary. 

The technique of examination for and the roent- 
genologic manifestations of cancer of the colon will 
be discussed and illustrated. 


COURSE: 304 
Room: F Period: Th-l 


ARTHUR E. CHILDE, M.D., Winnipeg, Manitoba 


The Normal Encephalogram and Ventriculogram 
Congenital Abnormalities of the Brain 


The roentgen technique of cerebral pneumography 
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will be discussed and the importance of a few simple 
manipulations of the head during this procedure will 
be explained. This will be followed by a review of the 
normal anatomy of the ventricular system, basal 
cisterns and cortical markings. The pneumographic 
features of various congenital abnormalities will be 
shown. 


COURSE: 305 
Room: F Period: F-1 


ARTHUR E. CHILDE, M.D., Toronto, Canada 


The Pneumographic Diagnosis of Expanding, 
Contracting and Atrophic 
Intracranial Lesions 


The deformities produced by various types of ex- 
panding intracranial lesions will be shown. En- 
cephalography is often used to determine the cause of 
epileptic seizures in patients who do not suffer from 
brain tumors, and some examples of atrophic and 
contracting intracranial lesions will also be illus- 
trated. 


COURSE: 306 
Room: F Period: T-2 


ARTHUR C. CHRISTIE, M.D., 
Washington, D. C. 


The Diagnosis and Treatment of 
Bronchiectasis 


History and Incidence. 
Etiology and Pathogenesis. 
Diagnosis. 
Symptoms and signs. Necessity and means of 
early diagnosis. Iodized oils. Instillation of iodized 
oil by the passive method. Description of method. 
Illustrative slides to show different types of bron- 
chiectasis and conditions which may require 
differential diagnosis. 
Treatment. 
Necessity for treating complicating inflammatory 
conditions. Medication. Postural drainage. Iodized 
oils. Bronchoscopic drainage. 
Surgery: Applicability and limitations. Artificial 
pneumothorax. Phrenicectomy. Pneumectomy. 
Roentgen therapy: Rational basis for such treat- 
ment. Detailed descriptions of application, dos- 
age, etc. Results illustrated by report of cases. 
The aim of this course is to give a complete view of 
the diagnosis and treatment of this exceedingly 
common disease in which the radiologist can play 
an important role in both fields. 
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COURSE: 307 
Room: D Period: Th-1 


LEWIS GREGORY COLE, M.D. 
White Plains, N. Y. 


Pulmonary Tubercles, Their Etiology, Patho- 
genesis, and Roentgen Shadows They Cast 


These subjects will be considered in their reverse 
order, first showing roentgenograms of pulmonary 
tubercles, then demonstrating the pathological find- 
ings of various tubercles, illustrated with Koda- 
chrome photomicrographs, and subsequently pre- 
senting the pathogenesis and etiology. This reverse 
manner of presenting the subject should appeal to 
roentgenologists more than the rational sequence in 
the reverse order. 


COURSE: 308 
Room: E Period: T-1 


HOWARD P. DOUB, M.D., Detroit, Mich. 
The Intervertebral Disc 


This discussion will be limited as much as possible 
to the disc itself, but owing to its intimate relation- 
ship to the vertebrae, it will be necessary to consider 
the spine to some extent. 

We wish to present the anatomy of the disc and its 
vascular supply together with reference to defects in 
its development which often lead to abnormalities 
in later life. Changes in the fibrous structure and in 
the cartilage plates, due either to disease or trauma, 
will be brought out. The effect of these changes on 
the vertebral column as a whole will then be consid- 
ered. 

The relationship of the disc to spinal deformities, 
such as the arthritides, kyphoses, tumors and in- 
juries will also be discussed. 


COURSE: 309 
Room: E Period: Th-1 


PEDRO L. FARINAS, M.D., Havana, Cuba 


Bronchography 


Bronchography: Technique: Serial bronchogra- 
phy; bronchography by vaporization: (a) supra- 
tracheal; (b) intratracheal. 

Kesults: Especially in the early diagnosis of bron- 
chial carcinoma. 
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COURSE: 310 
Room: G Period: W-1 


JOHN T. FARRELL, JR., M.D., 
Philadelphia, Pa. 


Roentgen Diagnosis of Lesions of 
the Esophagus 


The technique of roentgen examination of the 
esophagus with liquids, semi-solids, and solids, to- 
gether with the indications and limitations of each 
will first be presented. This will be followed by con- 
sideration of the roentgen anatomy and physiology. 
Study of pathological states will embrace the diag- 
nosis and differential diagnosis of congenital, inflam- 
matory, traumatic, functional, and neoplastic con- 
ditions of the organ. 


COURSE: 311 
Room: H Period: T-2 


C. A. GOOD, M.D., Rochester, Minnesota 
The Small Intestine 


All of the lesions commonly encountered in the 
small intestine will be discussed. Special emphasis 
will be placed upon the diagnosis of the organic 
lesions which are amenable to surgical treatment, 
such as enteritis, Meckel’s diverticulum and benign 
and malignant tumors. 

Particular attention will be paid to the roentgeno- 
scopic method of examination and there will be a 
brief consideration of the clinical indications for a 
roentgenologic examination of the small intestine. 

Lantern slides of roentgenograms and of colored 
photographs of the pathologic material will be pre- 
sented. 


COURSE: 312 
Period: Th-2 


A. O. HAMPTON, M.D., Washington, D. C. 


The Roentgenologic Diagnosis of Pulmonary In- 
farction; Technique and Interpretation of Veno- 
grams and their Importance in Prevention of 
Fatal Pulmonary Embolism 


This discussion will include: 

1. The appearance of bronchial occlusion in the 
lateral view of the chest. i 

2. The roentgen diagnosis of pulmonary infarction 
with special reference to the indications for 
venograms. 

3. A few remarks on the technique and interpreta- 
tion of venograms. 

4. The importance of the roentgen examination of 
the chest and deep veins of the legs in the pre- 
vention of fatal pulmonary embolism. 


Room: F 


American Roentgen Ray Society 


AvGuST, 1947 


COURSE: 313 


Room: D Period: W-2 


HUGH F. HARE, M.D., Boston, Mass. 


Myelography 


Myelography may be useful when performed with 
either oxygen, iodized oil (lipiodol) or pantopaque. 
It may be diagnostic or may be used as an aid to 
diagnosis. 

The period will be devoted to a discussion of the 
various methods of myelography and their relative 
values in diagnosis. 


COURSE: 314 


Room: A Period: F-1 


F. J. HODGES, M.D., Ann Arbor, Mich. 


Nontuberculous Lesions of the Chest 


While it is frequently impossible to eliminate pul- 
monary tuberculosis as the cause of abnormal. roent- 
genologic findings in chest films, a considerable num- 
ber of intrathoracic conditions can be differentiated 
with considerable certainty in their own right. Even 
though a positive pathological diagnosis cannot be 
made in every instance, careful analysis of roentgeno- 
grams can provide diagnostic information of great 
value. Some outstanding examples of nontuberculous 
lesions which do present recognizable roentgenologic 
signs will be demonstrated and the steps leading to 
accurate diagnosis will be discussed. 


COURSE: 315 


Room: A Period: T-2 


A. S. MACMILLAN, M.D., Boston, Mass. 


Roentgen Examination of the Accessory 
Nasal Sinuses 


The technique of examination of the patient for 
suspected sinus disease will be considered. Particular 
stress will be placed upon four positions which the 
instructor considers the irreducible minimum in the 
examination of the sinuses. 

Acute and chronic sinusitis, the sinus involvement 
in allergy and in malignant disease as well as the 
cause of exophthalmus in sinus involvement. 

There is a great deal of discussion among otolaryn- 
gologists as to the value of the roentgen ray as an 
aid in the diagnosis. An attempt will be made to talk 
about the practical points in interpretation. 
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COURSE: 316 


Room: E Period: W-2 


A. S. MACMILLAN, M.D., Boston, Mass. 


Roentgen Examination of the Mastoids 


The technique of the examination of the patient 
for mastoid involvement in acute infections of the 
middle ear will be considered. Demonstrations of the 
various positions for the examination of the petrous 
pyramid in the search for involvement of this area 
as a complication of infection and invasions by new 
growths of the base of the skull and nasophraynx. 

He will consider the rdle played by the roentgen 
ray in the determining of the optimum time for 
operation, the limitations of this type of examination. 


COURSE: 317 


Room: F Period: T-1 
CARLETON B. PEIRCE, M.D., 
Montreal, Canada 


Bronchographic Technique with Demonstration of 
the Anatomy and Pathologic Changes of 
the Bronchial Tree 


The preparation of the patient for bronchography, 
the apparatus used and the various techniques for 
instillation of iodized oils will be demonstrated and 
discussed briefly. 

Major emphasis will be placed on the demonstra- 
tion of the topography of the normal bronchial tree, 
the localization and diagnosis of pathologic changes 
of the trachea and bronchi. 


COURSE: 318 


Room: D Period: Th-2 


L. R. SANTE, M.D., St. Louis, Mo. 


The Pneumonias; With Special Reference to the 
Relationship of Virus Infection and Tumor 
Formation 


Pneumonias of the virus type attack primarily 
the five fundamental structures of the lung: alveolar 
structure, bronchi and peribronchial tissue, vascular 
structure, lymphatics, and interstitial tissue of the 
lung. Atypical pneumonias, regardless of the cause, 
all seem to have the site of predilection in the inter- 
stitial tissue. Certain observations are suggestive of 


the relationship of virus infection to lung tumor for- 
mation. 


Section on Instruction 251 


~ 


COURSE: 319 


Room: E Period: F-1 


RICHARD SCHATZKI, M.D., Boston, Mass. 


Small Bowel Enema 


1. Technique of examining the small intestine 
with the help of the small bowel enema will be de- 
scribed. 

2. Indications and contraindications will be dis- 
cussed. 

3. The method will be compared with other meth- 
ods of examining the small bowel. 

4. Practical examples will illustrate the discussion. 


COURSE: 320 
Room: H Period: Th-2 


HARRY M. WEBER, M.D., Rochester, Minn. 


Chronic Ulcerative Colitis and Allied 
Intestinal Disorders 


The name “chronic ulcerative colitis’’ may validly 
be applied to any non-neoplastic pathologic process 
in the large intestine in which inflammatory changes 
are predominant. In a restricted sense, however, the 
name denotes a specific disease entity, the etiology 
of which is still not established with certainty, but 
which has distinctive pathologic features. These 
characteristic pathologic characteristics are observed 
directly at proctosigmoidoscopic examination, and 
are reflected in the roentgenologic changes observed 
with the disease. These roentgenologic manifesta- 
tions will be described and correlated with those of 
other etiologic types or more or less diffuse inflam- 
matory processes commonly encountered in the 
colon. Emphasis will be on roentgenologic aspects, 
but the proctosigmoidoscopic manifestations will be 
demonstrated with a motion picture in color pre- 
pared by Dr. L. A. Buie and his associates in the 
Section on Proctology, Mayo Clinic. 


COURSE: 321 


Room: B Period: T-1 


BARTON R. YOUNG, M.D., Philadelphia, Pa. 


Roentgen Diagnosis of Diseases of the Air and 
Food Passages of the Neck; Planigraphy of 


the Larynx 


The normal roentgen anatomy of the soft tissues of 
the air and food passages is reviewed in detail in the 
first part of the course. Roentgenoscopy is an indis- 
pensable preliminary procedure, so considerable time 
is devoted to a discussion of this part of the examina- 
tion. The disturbances in deglutition due to tumor, 
infection or faulty innervation and the altered physi- 
ology and morphology of the larynx that result from 
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any one of these conditions are readily detected by 
roentgenoscopic examination, and the roentgeno- 
scopic appearances of some of the more common 
lesions are shown. 

The changes in the air and food passages produced 
by foreign bodies and inflammatory and neoplastic 
diseases are demonstrated by exhibiting non-plani- 
graphic and planigraphic roentgenograms. A tech- 
nique for obtaining posteroanterior studies using 
non-planigraphic methods is outlined, and the value 


of this procedure for lateralizing laryngeal lesions js 
emphasized by showing illustrative cases. 

The indications for body section roentgenography, 
and the results obtained from the application to the 
neck are presented. Planigraphy is of maximum 
value in the demonstration of tumors of the larynx 
but its superiority to conventional roentgen methods 
is not limited to the larynx. The planigraphic ap- 
pearance of a number of interesting lesions in the 
larynx and cervical trachea is shown and discussed, 
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DEPARTMENT OF TECHNIQUE 


Department Editor: Rosert B. Tart, M.D., B.S., M.A., 103 Rutledge Ave. 
Charleston, S. C. 


AN IMPROVED TECHNIQUE FOR THE ROENTGEN 
DEMONSTRATION OF THE SEMILUNAR 
CARTILAGES OF THE KNEE 


By JOSEPH C. WEISMAN, M.D. 


KEW GARDENS, NEW YORK 


— World War II, military roent- 
genologists must have been impressed 
by the great number of requests for roent- 
gen diagnosis of the knee with the notation 
“internal derangement.” They must have 
had a sense of misgiving in submitting a 
report of “‘negative” or “no bone pathol- 
ogy” knowing that visualization of the 
semilunar cartilages would often have 
demonstrated pathological changes in the 
knees. An interesting bibliography is ac- 
cumulating in the literature on methods of 
demonstrating these important structures 
and the criteria for differentiating normal 
and abnormal findings. Some! have recom- 
mended traction of the leg by two assistants 
with the production of a vacuum in the 
knee joint. This method in my experience is 
uncertain of results, uncomfortable to the 
patient, exposes the assistants to unneces- 
sary secondary radiation and often pro- 
duces blurred roentgenograms. The injec- 
tion of a radiopaque fluid has also been 
advocated. This is a rather formidable 
procedure for diagnosis and the diagnos- 
tician would often be deterred from advis- 
ing it. The soft tissue technique? would be 
ideal if it produced uniform results when 
used by the average roentgenologist. The 
personal equation often enters in interpret- 
ing soft tissue detail. The air injection 
technique is a quick and harmless office 
procedure and was excellently described by 
Grossman and Minor.* The technique to be 
described is an improvement in that it is 
simpler, results in better roentgenograms 
and does not require an assistant. 

The apparatus required is merely a 
padded L-shaped 2 by 4, the vertical por- 


tion being about 6 inches high; the horizon- 
tal portion long enough so that the knee to 
be examined is in the center of the table 
when in position. Two long 20 penny nails 
are driven into the lateral end of the L- 
shaped 2 by 4, so that they fit into the 
slotted side rail of the table. Two strong 
cloth loops which fit above and below the 
knee and two large safety pins complete 
the equipment. 


Fic. 1. Patient in position with loops producing ab- 
duction for anteroposterior view of the right 
medial semilunar cartilage. 
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Fic. 2. Close-up view showing construction of L- 
shaped 2 by 4 and cloth loops. 


With the patient seated on the roentgen- 
ographic table about 20 cc. of air filtered 
through sterile gauze is injected into the 
knee joint from a point just lateral to the 
infrapatellar ligament. The skin is of course 
first surgically cleansed. Preliminary pro- 
caine infiltration is unnecessary if the 
operator is firm and deliberate. The pa- 
tient is now placed supine on the table; the 


Fic. 3. Posteroanterior view of the lateral cartilage 
and lateral collateral ligament. 
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Fic. 4. Posteroanterior view of the medial cartilage 
showing slight tear at junction of outer edge of 
cartilage and medial collateral ligament. 


knee joint to be examined against the 
padded vertical upright. The upper cloth 
loop is slipped on to a point above the knee 
joint; the lower loop below the knee joint. 
The trailing ends of the loops are threaded 
through the slotted edge of the table and 
fixed in position with safety pins, comfort- 
able abduction being maintained by the 
lower loop. An anteroposterior view of the 
knee using the standard technique will give 
constant and excellent visualization of the 
medial cartilage. In order to visualize the 
lateral cartilage, the patient is reversed on 
the table, the tension of the lower loop now 
producing adduction. 

The accompanying photographs will 
more readily illustrate the above descrip- 
tion. Both anteroposterior and posteroan- 
terior views of each cartilage should be 
taken before a pathological condition can 
be ruled out. 


109 80th Road 
Kew Gardens, N. Y. 
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Gynecology and Obstetrics 


Monrtcomery, J. B., and Lane, W. R.: Evalu- 
ation of new contrast medium for hystero- 

AaberG, M. E.: Recurrent placenta previa and 
significance of placentography as diagnos- 


Genitourinary System 
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Nervous System 
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of sympathetic nervous system.......... 
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ABSTRACTS 
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OF ROENTGEN AND 


RADIUM LITERATURE 


ROENTGEN DIAGNOSIS 


ABDOMEN 


ScHINDLER, Rupo.tr, BLomauist, OLov A., 
Tuompson, Harotp L., and Petrier, Ar- 
THUR M. Leiomyosarcoma of the stomach— 
its roentgenologic and gastroscopic diagnosis 
and its possible relation to pernicious anemia. 
Surg., Gynec. &F Obst., March, 1946, 82, 239- 
252. 

Leiomyosarcoma is one of the rarest tumors 
of the stomach. Because the authors have ob- 
served 4 cases within a relatively short period 
of time, they feel that this tumor may not be so 
rare as has been previously reported. 

The diagnosis of this tumor is important be- 
cause of its good surgical prognosis. The sur- 
geon who may be inclined not to operate on 
large infiltrative carcinomas, must, neverthe- 
less, consider the presence of a leiomyosarcoma 
which has a favorable prognosis, and should 
not refuse to give the patient a chance as long 
as this tumor cannot be excluded. 

The authors have collected a total of 94 cases 
of gastric leiomyosarcoma from the literature. 

Pathology. The differentiation of leiomyosar- 
coma from benign leiomyoma is not easy. 

Benign myoma of the stomach occurs fre- 
quently. These submucosal tumors are usually 
small and sharply circumscribed. 

Frequently, malignant leiomyomas will not 
form metastases for a long period of time, but 
they quickly break their natural boundaries, 
grow expansively and partly infiltratively and 
prove to be fatal. The infiltration never reaches 
the degree found in infiltrative carcinoma, and 
frequently a limiting capsule is still present. 
Most leiomyosarcomas are probably malignant 
from the beginning on. 

There are several gross forms of leiomyosar- 
coma: (1) they may grow into the lumen of the 
stomach and may then even become peduricu- 
lated; (2) they may expand within the gastric 
wall; or (3) they may expand into the omentum 
or neighboring structure. Ulceration of the 
mucosa covering the tumor is frequent in all 
forms. 

The differential diagnosis between leiomyo- 
sarcoma and lymphosarcoma is particularly 


important, because the lymphosarcoma reacts 
so well to roentgen therapy while the leiomy- 
osarcoma requires surgical treatment. The 
lymphosarcoma usually infiltrates the entire 
wall of the stomach, diffusely involving the en- 
tire organ although sometimes solid circum- 
scribed tumors may occur. The leiomyosarcoma 
grows more expansively, but less infiltratively. 

The differentiation between leiomyosarcoma 
and carcinoma is more difficult. It has been said 
that on palpation the leiomyosarcoma has a 
rubbery consistency as contrasted to the stony 
hard palpatory sensation caused by carcinoma 
yet the gross differential diagnosis may be im- 
possible. 

Metastases were found in 15 per cent of the 
leiomyosarcomas collected by the authors. 

Clinical Findings. The three cardinal find- 
ings are: (1) gastrointestinal hemorrhage lead- 
ing to anemia; (2) epigastric or left upper 
quadrant pain; (3) upper abdominal mass. 

Roentgenologic Findings. In 3 of the authors’ 
4 cases the roentgenologic diagnosis of a sub- 
mucosal tumor would not have been entirely 
impossible. It must be admitted that in some 
cases the differentiation from carcinoma by 
roentgen rays is impossible but the roentgeno- 
logic syndrome of filling defect plus central 
niche plus fistulas should be considered as 
highly suggestive of leiomyosarcoma. 

Gastroscopic Diagnosis. In none of the 4 cases 
was the correct diagnosis made at gastroscopy 
but, in retrospect, the authors believe that the 
correct gastroscopic diagnosis should have been 
made in every case. The key findings include: 
“soft, protruding mass,” “bridging folds,” “‘to- 
ward the upper edge of the wall several mucosal 
folds converged, one of them running up to the 
wall in a manner usually seen only in submu- 
cosal tumors.” 

Relationship between Leiomyosarcoma and 
Pernicious Anemia. The frequency of benign 
adenomas in pernicious anemia is well known. 
More and more the opinion gains ground that 
carcinoma develops secondarily to pernicious 
anemia more frequently than should be ex- 
pected. However, no such relationship is known 
between pernicious anemia and tumors of 
muscular tissue. 
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In 1 of the authors’ 4 cases of leiomyosar- 
coma, a pernicious anemia picture was present. 
Although the possibility of a macrocytic anemia 
being caused by the leiomyosarcoma in this 
case cannot be definitely excluded, the possi- 
bility of the reverse sequence is suggested, 
namely, pernicious anemia leading to the for- 
mation of leiomyosarcoma. 

Treatment. Roentgen therapy of gastric 
leiomyosarcoma is ineffective. Surgery is emi- 
nently satisfactory. In leiomyosarcoma the sur- 
geon cannot be too courageous. The excellent 
results obtained in this series of 4 cases justifies 
the attempt to remove even the largest tumors. 
Three patients survived extensive operative 
procedures and seem to be cured permanently. 
One patient died postoperatively not from any 
abdominal catastrophe but from a massive pul- 
monary atelectasis.— Mary Frances Vastine. 


Hicken, N. Freperick, and Coray, Q. B. 
Spontaneous gastrointestinal biliary fistulas. 
Surg., Gynec., & Obst., June, 1946, 82, 723- 
730. 


Contrary to accepted opinions, spontaneous 
gastrointestinal biliary fistulas are not medical 
curiosities. Kehr encountered 100 such fistulas 
during the routine performance of 2,0co chole- 
cystectomies. Pjestow found that 3.5 per cent 
of all patients having operation on the biliary 
tract had these troublesome complications. The 
1§ cases forming the basis of this report repre- 
sent an incidence of 4.2 per cent. Therefore, 1 of 
every 25 patients requiring surgical therapy for 
disorders of the biliary tract will possess some 
variety of internal biliary fistula. 

Summary. 

1. Gallstones, peptic ulcers, new-growths 
and surgical trauma were the etiological agents 
in 272 cases studied (15 were personal cases of 
the authors). 

2. A preoperative diagnosis of gastrointest- 
inal biliary fistulas cannot be made from clinical 
findings alone. Careful roentgenographic diag- 
nosis affords the only method of making an ac- 
curate preoperative diagnosis. The roentgeno- 
graphic demonstration of ingested barium or 
gas, or both, in any segment of the biliary tract 
is presumptive evidence of a fistulous communi- 
cation with the gastrointestinal tract. 

3. Cholangiograms, performed on the ope- 
rating table, afford an excellent method of vis- 
ualizing the gall bladder, fistulous tract, and 
entire biliary tree. Cholangiograms determine 
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the location and ramifications of the fistula and 
clearly depict the size of its orifices. Cholangio- 
grams permit accurate localization and differ- 
entiation of existing choledochal obstructions, 
whether caused by stones, strictures, pancrea- 
titis, carcinoma, ulcers or periductal inflamma- 
tion. Such visualizing roentgenograms provide 
the surgeon with an accurate blueprint of prob- 
lems confronting him.—Mary Frances Vastine. 


BarsosA, Jorce J. deC., Dockerry, MAt- 
B., and WaucGu, Joun M. Pancreatic 
heterotopia; review of the literature and re- 
port of 41 authenticated surgical cases, of 
which 25 were clinically significant. Surg., 
Gynec. & Obst., May, 1946, 82, 527-542. 


There are approximately 470 recorded cases 
of pancreatic heterotopia. Pancreatic hetero- 
topia is observed fairly frequently at routine 
necropsies. The authors found an incidence of 
one case of pancreatic heterotopia in approxi- 
mately every 500 operations in the upper ab- 
dominal region. The incidence of pancreatic 
heterotopia is highest in the fourth, fifth, and 
sixth decades of life. 

The ratio of males to females is almost 3 to I. 
The most common location is in the stomach, 
duodenum, and jejunum, where the incidence 
is almost 70 per cent. In the majority of the 
cases the mass of heterotopic pancreatic tissue 
is single and its diameter usually varies from I 
to4cm. 

The histopathologic picture of heterotopic 
pancreatic tissue is frequently the same as that 
of the pancreas itself. The commonest histo- 
logic location of heterotopic pancreatic tissue in 
this series was the submucosa alone. Fre- 
quently, there is intermuscular infiltration. In 
the vast majority of the cases there is histo- 
logic evidence of acinar function. There is no 
apparent change in the results of analysis of 
gastric contents associated with a pancreatic 
heterotopia. 

Hypoglycemia and hyperinsulinism have 
been observed in association with heterotopic 
pancreatic tissue presenting both benign and 
malignant change in its insular portion. If 
exploration is being carried out in a case of 
hypoglycemia with definite “Whipple’s essen- 
tial triad” and, after a thorough search, no 
tumor is found in the pancreas, the surgeon 
should search for heterotopic pancreatic tissue 
in its most common locations and also in the 
unusual sites that are capable of exploration. 
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Both adenomas and adenocarcinomas of islet 
cell type may be present without clinical evi- 
dence of hypoglycemia. 

Heterotopic pancreatic tissue presents the 
same pathologic changes as the pancreas itself. 
In many cases the ducts are found dilated. 
Malignant change is more likely to take place 
in heterotopic pancreatic tissue than in the 
pancreas proper. Pancreatic heterotopia may 
be the cause of several types of pathologic 
changes in the adjacent tissues; namely, fat 
necrosis, inflammation, ulceration, hemor- 
rhage, necrosis, and formation of a diverticu- 
lum. 

In a high percentage of surgical cases of pan- 
creatic heterotopia (61 per cent of the authors’ 
cases) the heterotopia is found to be of clinical 
significance. The location is usually gastric or 
duodenal. Some of the rare adenocarcinomas of 
the duodenum may have had their origin in 
heterotopic pancreatic tissue either in the am- 
pulla of Vater or in the papilla of Santorini. 
The syndromes presented by a pancreatic het- 
erotopia are generally those of gastric or duo- 
denal ulceration, cholecystic disease, or inde- 
terminate digestive symptoms. 

The pathologic diagnosis with frozen section 
technique at the time of operation is of inestim- 
able value. A mass of heterotopic pancreatic 
tissue can be mistaken for a malignant growth 
both roentgenologically and at operation with a 
consequent unnecessary operation. When the 
pancreatic heterotopia is clinically significant, 
its simple excision when feasible is entirely suf- 
ficient for complete relief of symptoms. When 
found incidentally at operation, the removal is 
indicated in the majority of cases.—Mary Fran- 
ces Vastine. 


Dickson, James A., ParKHILL, Epiru M., 
and Kiernan, Paut Large retroperitoneal 
metastasis from a so called carcinoid of the 
small intestine. Surg., Gynec. & Obst., June, 
1946, 82, 675-681. 

Carcinomas of the small intestine are com- 
paratively rare, comprising about 3 per cent of 
all intestinal cancers. The so-called carcinoid 
tumors constitute approximately one-fourth of 
all malignant neoplasms of the small bowel. 
These tumors have also been termed argentaf- 
finomas, chromaffinomas, paragangliomas, and 
primary carcinomas. They occur at least two 
times more frequently in the appendix than in 
the small bowel. However, this type of neo- 
plasm has been known to occur in all locations 
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of the gastrointestinal tract from cardia to anus, 
In the small intestine carcinoid tumors are 
characterized particularly by occurring in older 
persons and by the multiplicity of their pri- 
mary lesions in contrast to the single primary 
lesions occurring in the appendix, which are 
seen most frequently in younger persons. 

The present report is concerned with a single 
small primary growth in the ileum with exten- 
sion into the mesentery and a large retroperi- 
toneal metastasis of both surgical and patho- 
logic interest. 

Origin of the So-Called Carcinoid Tumors. The 
exact cells of origin of these tumors have not 
been conclusively demonstrated and authorities 
are not agreed. The weight of evidence seems 
to be in favor of their origin from the argen- 
taffin cells found distributed irregularly in the 
gastrointestinal tract and notably within the 
crypts of Lieberkihn. 

Pathologic Aspects of So-Called Carcinoid 
Tumors of the Small Bowel. The primary 
tumors are characteristically small in contrast 
to the much larger metastatic foci. They are 
characteristically yellow and frequently one 
may suspect the diagnosis grossly after section- 
ing the lesions. Frequently the lesions extend 
into the intestinal mucosa and lumen of the 
bowel. Their growth in the intestinal wall re- 
sults in kinking or angulation of the involved 
segments. Gross ulceration of mucosa may be 
absent, a fact that explains the absence of in- 
testinal bleeding in many of these cases. 

These neoplasms are carcinomas and are 
characterized by slow growth. Burckhardt re- 
marked that “Metastasis from carcinoids is 
merely a matter of time.” 

Clinical Aspects. Symptoms, when present, 
are usually those of a chronic intestinal ob- 
struction resulting from kinking of the involved 
segments of the bowel. Intussusception of the 
bowel may occur. The patient is usually not 
very ill and loss of weight is usually not pro- 
nounced. 

Roentgenographically, one may be able to 
demonstrate slight kinking and angulations of 
the involved portions of intestine associated 
with a small tumor projecting into the intest- 
inal lumen. The kinking and the tumor may be 
the only signs demonstrable. 

Surgical Aspects. The ideal surgical manage- 
ment for carcinomas of the carcinoid type in- 
volving the small bowel is resection of the seg- 
ments of bowel containing the small, single or 
multiple primary lesions with removal of all 
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metastatic foci when feasible, including the in- 
volved lymph nodes.—Mary Frances Vastine. 


Bascock, Wayne W. Lumbar appendicitis and 
lumbar appendectomy. Surg., Gynec. & Obst., 
April, 1946, 82, 414-416. 

A type of appendicitis is described in which 
the inflamed organ has a posterior or retrocecal 
position. The infection spreads through the thin 
contiguous peritoneal layer with little abdom- 
inal reaction and produces a spreading phleg- 
mon or abscess in the poorly resisting loose 
areolar tissue of the retroperitoneal space in 
the right lumbar and pelvic areas. As the signs 
and symptoms are predominantly in the right 
lumbar region, the author has termed the con- 
dition “lumbar appendicitis.” The appendicitis 
tends to subside spontaneously probably largely 
by discharge of inflammatory products through 
the open lumen of the appendix into the cecum. 
It is associated with so few characteristic 
symptoms as to be overshadowed in the later 
development of a perinephritic or pelvic ab- 
scess. In those cases in which the appendiceal 
symptoms are more definite, the retroperitoneal 
extension may be diagnosed and drained 
through the abdomen as a localized intraperi- 
toneal collection. 

Symptoms and Signs. The initial symptoms of 
lumbar appendicitis usually are abdominal 
colic, nausea and fever, soon followed by pain, 
tenderness, and muscular rigidity in the loin, 
but with a degree of fever and possibly a chill 
unusual in acute appendicitis. This condition 
is to be attributed to the greater toxic absorp- 
tion from the peritoneal space than from the 
peritoneum. 

Especially characteristic are symptoms due 
to the irritation of structures surrounded by the 
inflamed extraperitoneal connective tissue. 
These include the right genitofemoral, lateral 
femoral cutaneous, femoral and _ obturator 
nerves, and the ureter. 

The syndrome of pain, tenderness, and rigid- 
ity in the lower right loin, with pain and tender- 
ness referred to the right testicle and anterior 
part of the right thigh occurring after a brief 
abdominal attack, is quite diagnostic. 

Treatment. In treatment it is important that 
the appendix be removed and the phlegmon 
drained through a lumbar or retroperitoneal 
approach. Otherwise the surgeon may remove 
an inflamed appendix and overlook the retro- 
peritoneal phlegmon or drain the pelvic or peri- 
renal abscess and overlook the appendix. With 
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removal of the appendix the peritoneum may 
be closed or drained with the lumbar-pelvic 
space through a single lumbar incision.—Mary 
Frances Vastine. 


Guiover, P., and Waucu, Joun M. 
The retrograde lymphatic spread of carci- 
noma of the “‘rectosigmoid region’’; its influ- 
ence on surgical procedures. Surg., ‘Gynec. & 
Obst., April, 1946, 82, 434-448. 

Moynihan, in 1908 made the significant 
statement that “the surgery of malignant dis- 
ease is not the surgery of organs; it is the anat- 
omy of the lymphatic system.”” Nowhere is this 
more applicable than to malignant disease of 
the rectum. It is toward the anatomy of the 
lymphatic system that the greater portion of 
this study has been directed. In their conclu- 
sion, the authors state, ‘““The following signifi- 
cant features deserve a word of emphasis: 

“tT. Because carcinoma of the rectum is pri- 
marily of a low grade of malignancy, the dis- 
ease tends to remain localized for a considerable 
period and thus lends itself admirably to sur- 
gical attack. 

“9. As carcinoma of the upper part of the 
rectum and the rectosigmoid has only one nor- 
mal channel for lymphatic spread—upward— 
provided local growth by direct extension has 
not incorporated neighboring organs, it should 
be suitable for radical segmental resection with 
preservation of the rectal sphincter and restora- 
tion of the normal continuity of the bowel. 

“3. Radical segmental resection implies the 
removal of a wide section of bowel together 
with its complete node-bearing region just as 
the abdominal portion of a combined abdomino- 
perineal resection is now performed. 

“4. Section of the bowel must be at least 2 
centimeters below the lower palpable edge of the 
lesion to satisfy pathologic requirements. The 
technical requirements in the successful per- 
formance of an adequate anastomosis in this 
area also involve the removal of such an amount 
of tissue because of the size and position of neo- 
plasms so located. 

“s. It has been demonstrated that even in 
far advanced cases of carcinoma in this region, 
retrograde spread along the course of the bowel 
occurs to any degree in only I per cent. 

“6. When such retrograde spread can be 
demonstrated, it is an indication that upward 
normal channels have been blocked. 

““7, When these facts kecome more generally 
appreciated and the technical procedures re- 
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quired for such surgery are subjected to refine- 
ment, many sufferers from neoplastic lesions 
in the rectosigmoid region will enjoy a normal 
postoperative existence without the psycho- 
logic—to say nothing of the anatomic—detri- 
ments of a permanent artificial anus.” —Mary 
Frances Vastine. 


Atten, Artuur. Restoration of continuity 
versus cure in carcinoma of the rectum. Fdi- 
torial. Surg., Gynec. & Obst., April, 1946, 
82, 490. 


There is a widespread revival of operations 
designed to preserve the rectal sphincter in 
patients with carcinoma of the rectum and 
rectosigmoid. This aim to preserve the sphincter 
is a natural outcome of advanced surgical skill 
and technique, on the one hand, and, on the 
other, of evidence that primary spread of dis- 
ease from this region cephalward. 

In a recent series of 100 consecutive patients 
with carcinoma of the rectum and the average 
duration of disease before entry into the Massa- 
chusetts General Hospital was seven months. 
Twenty-eight had such extensive disease that a 
resection was impossible. Seventy-two had an 
abdominoperineal resection in one or two stages. 
There were 2 deaths in this group, a postoperat- 
ive mortality of 2.8 per cent. About 10 per cent 
of the resections were done in the presence of 
hepatic metastases. Including the operative 
deaths, approximately 45 per cent of the oper- 
able cases or 30 per cent of the entire group will 
live five more years. It appears at this time that 
only earlier diagnosis will materially improve 
these results. 

The best, safest, and most adaptable opera- 
tion so far devised is the combined abdomino- 
perineal resection of Miles. This procedure does 
leave the patient with a colostomy but colos- 
tomy is not burdensome to thousands of grate- 
ful individuals who have been cured of cancer. 
—Mary Frances Vastine. 


GYNECOLOGY AND OBSTETRICS 


Montcomery, Joun B., and Lanc, WARREN 
R. Evaluation of a new contrast medium for 
hysterosalpingography. dm. F. Obst. ©& 
Gynec., May, 1946, 57, 702-705. 

Visco-rayopake (diethanolamine salt of 2, 4- 
dioxo-3-iodo-6 —_tetrahydropyridine _acetic 
acid) a new opaque medium which was intro- 
duced by Rubin in 1941 has been found to be 
highly satisfactory for roentgen study of the 
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uterine tubes. The outstanding advantage of 
this substance is due to the fact that it is well 
tolerated by the tissues and is rapidly absorbed 
from the peritoneal cavity. It was used to study 
the patency of the uterine tubes in 79 patients, 
In 25 of these, the visco-rayopake flowed freely 
into the peritoneal cavity where it was absorbed 
within thirty minutes. 

Technique. The patients are hospitalized for 
part of a day and each is given 1% grains of 
seconal or 3 grains of sodium amytal and 1/150 
grain of atropine sulphate hypodermically one- 
half hour before the salpingography is done. 
Following the procedure, they are corfined to 
bed for three or four hours and then they are 
permitted to leave the hospital. 

Careful aseptic technique is observed. The 
cannula is inserted into the cervical canal after 
the usual vaginal preparation in the operating 
room. Under fluoroscopic control, the visco- 
rayopake is carefully injected with a 20 ce. 
Luer Lok syringe. The fluoroscopic examina- 
tion enabled the authors to observe the freedom 
with which the fluid medium passed from the 
endometrial cavity into the tubes as well as to 
determine the most favorable time for making 
the roentgen exposure. In some instances, the 
©paque material did not enter the tubes until 
slightly increased pressure was maintained on 
the plunger of the syringe for a fairly brief 
period of time, although usually when the 
uterine tubes were patent it flowed freely with- 
out this temporary delay. 

As a rule, 3 or 4 cc. are required to fill the 
uterine cavity; when the tubes are patient, Io to 
1§ cc. are injected. Stereoscopic films are made 
in the anteroposterior position at the optimum 
time as indicated by fluoroscopic observation. 
Films made routinely one-half hour after the in- 
jection reveal only very slight amounts remain- 
ing in the pelvis and in many cases it has dis- 
appeared completely. This rapid absorption of 
the visco-rayopake from the peritoneal cavity 
constitutes its most outstanding advantage. 

The density of the shadows cast by the visco- 
rayopake is highly satisfactory under the fluo- 
roscope and also on the roentgenograms. The 
excellent visualization of the tubes is made 
possible, of course, by the high viscosity of this 
fluid medium which causes it to remain in the 
tubal lumen long enough to permit roentgeno- 
grams to be made. 

The local discomfort produced by injecting 
visco-rayopake into the uterus and uterine 
tubes is not marked. In some instances, sharp 
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menstrual-like cramps resulted when the uterine 
cavity was over-distended by too rapid injec- 
tion. This was relieved immediately by the 
withdrawal of a small amount of the fluid. Al- 
though no accurate notation of the local pain 
reaction was made at the time each patient was 
studied, it is the author’s impression that most 
of the patients were aware of some mild discom- 
fort when the contrast medium flowed into the 
peritoneal cavity. This varied in intensity with 
the individual patient and usually disappeared 
within one hour. 

Uterosalpingography has been regarded gen- 
erally as a more accurate test of tubal patency 
than the carbon dioxide insufflation test. How- 
ever, it has not been used as a routine proce- 
dure in some clinics because of the shortcomings 
of the available media and especially because 
of the danger of local tissue damage by the 
commonly used todized oils which remain in 
the tissues for an indefinite period of time. 
Visco-rayopake has overcome this difficulty. 
Mary Frances Vastine. 


AaBerG, Monrap E. Recurrent placenta previa 
and the significance of placentography as a 
diagnostic criterion. dm. F. Obst. & Gynec., 
April, 1946, 57, 578-580. 

With an incidence of placenta previa at the 
Boston Lying-In Hospital of 1:92, one would 
expect a reasonable number of such patients 
to repeat their experiences. However, a search 
of case histories at this hospital shows that this 
complication recurred in only 2 patients since 
1925. A review of the literature reveals only 10 
cases of recurrent placenta previa in successive 
pregnancies and 1 case in non-successive preg- 
nancies. 

In this paper 2 cases of recurrent placenta 
previa are presented, I in non-consecutive 
pregnancies and the other in consecutive preg- 
nancies. Since placenta previa is chiefly a multi- 
parous complication, multiparity, together with 
faulty decidua, undoubtedly is the most import- 
ant etiological factor. 

The advent of placentography invaluably 
facilitates an early diagnosis of placenta previa. 
The author feels that a more accurate interpre- 
tation of soft tissue films can be made by ap- 
plication of the following criteria: 

1. If the placenta cannot be visualized upon 
the anterior or posterior uterine walls, a diag- 
nosis of complete previa should be made and 
confirmed by vaginal examination. 

2. When the maximum thickness of the 
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placenta is visualized at or below the equator 
of the uterus on the anterior uterine wall, it is 
very likely to be a placenta previa. The likeli- 
hood of a complete previa increases propor- 
tionately with the distance of the maximum 
thickness of the placenta below the equator of 
the uterus. 

3. When the placenta is visualized low on 
the posterior uterine wall, displacing the pre- 
senting part 3 cm. or more from the tip of the 
sacral promontory or from the base of the fifth 
lumbar vertebra, a diagnosis of placenta previa 
should be accepted and corroborated by vaginal 
examination. 

Brown and Dippel noted that calculation of 
the distance between the presenting part and 
the sacral promontory was a valuable aid in the 
diagnosis of placenta previa for the posterior 
wall implantations, but no figure of mensura- 
tion was given. 

In the author’s clinic, soft tissue films are 
taken on all patients who have experienced 
vaginal bleeding during the last trimester. An 
exception is made only in those patients suffer- 
ing shock from massive vaginal hemorrhage. 
Often, when the placenta is visualized high in 
the fundus, routine vaginal examinations are 
deemed unnecessary. Conversely, when the 
placenta is perceived below the equator of the 
uterus or not seen at all, prompt vaginal exam- 
ination for the corroboration of the diagnosis 
should ensue (always in an operating room pre- 
pared for an immediate section to assure 
safety.)—Mary Frances Vastine. 


GENITOURINARY SYSTEM 


Anperson, Leo, and McDona Joun R. The 
origin, frequency, and significance of micro- 
scopic calculi in the kidney. Surg., Gynec. & 
Obst., March, 1946, 82, 275-282. 


A study was made of microscopic calculi as 
found in the pyramids of 168 kidneys. These 
included surgically removed kidneys and grossly 
normal kidneys removed at necropsy. The dis- 
eased kidneys were removed for tuberculosis, 
hvdronephrosis, pyelonephritis or stones. 

The microscopic calculi were found in all of 
the kidneys. It was demonstrated that they 
were formed by the coalescing of numerous 
“droplets” of calcareous material. These drop- 
lets seemed to be formed by the process of 
phagocytic ingestion of tiny “flecks” of black- 
staining material. Attention was directed to 
the postulate that the concentration of calcium 
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is probably high in the tissue fluid about the 
renal tubules and to the fact that phagocytic 
cells occur in abundance about the renal tubules. 
From these data it was suggested that the cal- 
culi were formed by the process of phagocytic 
ingestion of the calcium which is reabsorbed by 
the renal tubules. 

It was shown that the tiny calculi occur 
throughout the renal parenchyma. Some were 
located just under the epithelium at the tip of 
the papilla and one photomicrograph demon- 
strated the plaque ulcerating through this epi- 
thelium and becoming exposed to the urine of 
the calices. It is now fairly well accepted that 
some renal calculi are formed by the process of 
the salts of the urine being deposited in layers 
on these plaques. Since a chemically pure cal- 
culus is very rare, the suggestion is made that 
perhaps many different types of stone may have 
this tiny calculus as a nidus. 

Since these microscopic calculi occur in prac- 
tically all people, even though only 1/3,333 
part of the total pyramidal region of each kid- 
ney was cut and examined, the question was 
raised as to why then do not more people form 
symptomatic stones. The interpretation was 
suggested that large stones may form only 
when some inciting factor comes to the kidney 
which causes the salts to deposit on this eroded 
nidus plaque. Perhaps this inciting factor, sub- 
stance or catalyst, the absence or presence of 
which is necessary to cause deposition to occur, 
comes from outside the kidney. From the fore- 
going data the proposal was made that perhaps 
renal calculus is a systemic or a dietary disease 
and not a disease of the kidney per se.—Mary 
Frances Vastine. 


QuATTLEBAUM, FrANK W., Dockerty, MAL- 
B., and Mayo, Cuartes W. Adeno- 
carcinoma, cylindroma type, of the parotid 
gland; clinical and pathologic study of 21 
cases. Surg., Gynec. & Obst., March, 1946, 
82, 342-347. 

Ten per cent of a series of consecutive pri- 
mary parotid neoplasms appeared to be adeno- 
carcinomas of the type cylindroma, so classifigd 
because of a distinctive microscopic pattern. 

This group of 21 cases was characterized 
clinically by the presence of sharp radiating 
pain and local fixation of tumor in 40 per cent, 
features unusual in connection with other pri- 
mary neoplasms of this location. Partial or 
complete paralysis of the facial nerve was also 
a contrastingly common finding. 
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Surgically, the tumors were generally more 
infiltrative than encapsulated and application 
of the principle of “wide local excision”’ pre- 
vented recurrences in § of 21 cases. 

Pathologically, the appearance of dark- 
staining epithelial islands and strands with 
central honeycombing in a hyaline stroma was 
diagnostic. Epithelial mucus was sometimes 
present. Infiltrative tendencies were pronounced 
with a special predilection for invasion of nerve 
sheaths. 

Fight of the 20 traced patients succumked 
within five years to the effects of metastasis, 5 
with evidence of pulmonary spread. Two died 
more than five years after operation. Four of 
the remaining 10 are suffering from inoperable 
(?) recurrences. 

Solid tumors of the parotid gland should be 
assumed to be malignant until proved other- 
wise. 

It is suggested that more radical surgical pro- 
cedures will have to be done in order to obtain 
better results in the treatment of this form of 
neoplasm.—Mary Frances Vastine. 


Greene, Laurence F., and Ferris, Epwarp 
O. Urinary incontinence due to_ bilateral 
ectopic ureters. Surg., Gynec. © Obst., June, 
1946, 82, 712-716. 

Urinary incontinence due to an ectopic ure- 
teral orifice is not common. Most of the re- 
ported cases are unilateral. 

The ectopic ureter is usually associated with 
complete duplication of the pelvis and ureter. 
In most instances the opening of the ureter 
which leads from the upper segment of the du- 
plicated kidney is ectopic. Rarely the ureter 
from the lower segment is ectopic or an ectopic 
ureter may occur with a kidney which is not 
duplicated. 

In cases of bilateral ureteral ectopia the ori- 
fices of the ectopic ureters are most frequently 
situated in the urethra or the vestibule of the 
vagina. Less frequently one or both ureters 
enter the prostatic urethra, vas deferens, 
ejaculatory duct, uterus, or vagina. 

Incidence and Symptomatology. The condition 
occurs with much greater frequency among 
women than among men and the outstanding 
symptom among women is urinary incontin- 
ence. In practically all cases the incontinence is 
congenital, diurnal and nocturnal and is asso- 
ciated with normal voidings. Among men in- 
continence is usually absent and the condition 
is discovered following investigation to deter- 
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mine the source of infection of the urinary tract. 

Diagnosis. Excretory urography is valuable 
in the diagnosis of this condition. In most in- 
stances bilateral complete duplication of the 
renal pelves and ureters will be found. How- 
ever, those segments of the kidney drained by 
the ectopic ureters (usually the upper) will be 
visualized faintly, or not at all, because their 
function is insufficient to concentrate the con- 
trast medium. In such instances the diagnosis 
of bilateral complete duplication must be in- 
ferred from the fact that the visualized pelves 
(usually the lower) appear to drain only the 
lower portion of each kidney. Thus, if by excre- 
tory urography and retrograde pyelography a 
diagnosis of bilateral complete duplication of 
the pelvis and ureter is made and if but one 
ureteral orifice is situated at each extremity of 
the trigone, a diagnosis of bilateral ureteral 
ectopia can be made. 

Because of the infrequency of this condition 
the authors report 2 cases of bilateral ureteral 
ectopia.—Mary Frances Vastine. 


NERVOUS SYSTEM 


Ho.uncsworth, R. K. Intrathoracic tumors of 
the sympathetic nervous system. Surg., 
Gynec. & Obst., June, 1946, 82, 682-693. 
Neoplasms of the sympathetic nervous sys- 

tem are widely distributed, having been re- 
ported as occurring in the adrenal (most fre- 
quent site), abdominal, cervical, thoracic and 
pelvic sympathetics, the jejunum, celiac gang- 
lion, mesentery, liver, coccygeal body, uterus, 
cavity of the nose, skin and subcutaneous tissue, 
scapular region and carotid body. Their occur- 
rence within the thorax, while not rare, is still 
unusual enough to warrant their being classified 
as a curiosity. More often than not, they are 
symptomless, their discovery being quite acci- 
dental. 

Occurrence. True nerve tumors, new growths 
consisting of specific nerve tissue elements, 
may occur in any part of the nervous.structure. 
They may be benign or malignant and while 
they may differ widely in their structure, be- 
havior and occurrence, yet they are closely re- 
lated ontogenetically. Both the benign and ma- 
lignant forms are well illustrated in the sympa- 
thetic system. The benign form includes the 
ganglioneuromas and the chromaffin tumors, 
in both of which the cells are more or less highly 
differentiated. The malignant forms are the 
neurocytomas or neuroblastomas. 

Lewis and Geschickter studied 40 neuroblas- 
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tomas and found that 33 of them were in the 
medulla of the suprarenal gland or in the sym- 
pathetic ganglions adjacent to the medulla. 

Discussion. 

Sympathogonioma. This is a very malignant 
tumor found most commonly as a primary 
growth in one or both adrenals. Its occurrence 
in the chest is rare. It is extremely cellular, be- 
ing composed of closely packed lymphoid types 
of cells. Very little supporting structure is seen. 
There is a tendency to rosette formation. 

Sympathoblastoma. These differ from the 
sympathogoniomas only in that they represent 
greater maturity, are somewhat less malignant 
and usually are found at a somewhat older age. 
Intrathoracic sympathoblastomas are rare, oc- 
curring in only 16 of the 63 cases of sympathetic 
nerve tumors found recorded to date. While 
the sympathoblasts predominate in the over- 
all picture, sympathetic ganglion cells in all 
degrees of differentiation are encountered in 
these tumors. 

Ganglioneuroma. These are mature tumors in 
which the neurocytic elements have differen- 
tiated into ganglion cells rich in plasma. This 
tumor is not rare in children. Shultz reported 
53 cases not in the adrenal gland. Twenty-four 
were in adults, 21 in children and in 8 the age 
was not stated. These tumors are usually firm 
and well encapsulated. Usually they are rela- 
tively vascular and present a grayish-white ap- 
pearance. Microscopically the picture is us- 
ually one of rather coarsely arranged fibrous 
tissue mixed with strands of medullated and 
non-medullated nerve fibers, the latter pre- 
dominating as a rule. 

Chromaffin tumors. Lewis and Geschickter 
consider these the most common tumors of the 
sympathetic system. They are exceedingly rare 
within the thorax. Their most distinguishing 
feature is their affinity for chrome salts. 

Dumbbell tumors. Tumors which present 
both in the chest and in the spinal canal, the 
so-called dumbbell or hourglass tumors, are of 
fairly frequent occurrence particularly among 
the ganglioneuromas. They are found more 
frequently in children. 

Neurofibromas. One must not lose sight of the 
fact that any of the intrathoracic neurogenic 
tumors may have their origin from the sympa- 
thetic nerve tumors; one instinctively thinks 
only of the immature and mature ganglion cell 
tumors already described. However, all the 
neurogenic elements found in the neurofi- 
bromas, schwannomas, etc., are derived from 
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the ganglionic crest. In addition to this, even 
though the neoplasm may grossly appear to 
originate from an intercostal nerve, it must be 
remembered that intercostal nerves are derived 
partly from the ganglions of the posterior roots, 
which ganglions arise from the medullary epi- 
thelium by way of the neural crest.—Mary 
Frances Vastine. 


Evans, James A. Reflex sympathetic dys- 
trophy. Surg., Gynec. & Obst., Jan., 1946, 82, 
36-43. 

Reflex sympathetic dystrophy is a most dis- 
abling, often extremely painful, malady follow- 
ing minor sprains, ordinary fractures, or, in 
military or civil life trauma to blood vessels or 
nerves. The syndrome is characterized only at 
times by the excruciating, burning pain that 
has given it the term “causalgia,” hence a 
misnomer. Pain may be moderate, mild, or ab- 
sent. The true diagnostic features are those dis- 
orders initiated by perversions of reflex sym- 
pathetic stimulation, namely increased rubor 
or pallor, sweating, edema, atrophy of skin, and 
spotty or even cystic atrophy of bone. 

Mechanism of Reflex Sympathetic Dystrophy, 
A prolonged bombardment of pain impulses 
sets up a vicious circle of reflexes spreading 
through a pool of many neuron connections 
upward, downward, and even across the spinal 
cord, and perhaps reaching as high as the thala- 
mus itself. Because of the summation principle 
of nervous impulses, there is kept alive within 
such a pool a constant circling of activity across 
the synapses involved. 

Etiology. In the past three years, the author 
has gathered 32 cases of reflex sympathetic 
dystrophy. The exciting trauma or diseases are 
as follows: sprain, 9; fracture, 5; thrombo- 
phlebitis, 4; poor foot statics, 3; bruise, 2; 
scalenus syndrome (?), 2; laceration of hand, 1; 
anterior poliomyelitis (?), 1; plantar wart, 1; 
gonorrheal arthritis, 1; thalamic syndrome 
(cerebrovascular accident), 1. In addition there 
were the complications of fungus infection in 3 
and operative interference in 3. 
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Pain. Pain is usually the most prominent 
feature in reflex sympathetic dystrophy. It may 
be one of the most excruciating pains that can 
be experienced. Trigger points are often mul- 
tiple and pressure on one often spreads a diffuse 
pain of a burning, peculiar nature up and down 
the limb. More often, in less severe cases, the 
pain response stays definitely localized to the 
trigger point. 

Other Symptoms and Signs. (1) Rubor—this 
may be so constant and the foot or hand be so 
hot that the picture of erythromelalgia is pro- 
duced; (2) pallor; (3) swelling or sweating or 
both; (4) atrophy of the skin; (5) atrophy of 
the bone. The typical bone atrophy is mottled. 
In advanced cases, it may even be cystic, pre- 
sumably owing to nutrient artery spasm. Such 
bone atrophy was described in the roentgeno- 
grams of 6 patients in this series. A diffuse 
osteoporosis resembling that of disuse was 
noted in § cases. 

Diagnosis. Either cervical or paralumbar 
sympathetic procaine block comprises a diag- 
nostic therapeutic test. The relief of pain may 
be almost miraculous but need not be so dra- 
matic as to establish the diagnosis, provided re- 
lief of other phenomena is also noted, such as 
relief of sweating, increased warmth and com- 
fort in a cold memker, associated with rise of 
skin temperature and disappearance of trigger 
points. 

Treatment. So far, no direct effective means 
is at hand to stop the vicious circle within the 
pool of neuron synapses (Lorento de No’s in- 
ternuncial pool). 

The trigger points may be injected. Repeated 
injections are usually necessary. 

The sympathetic pathway may be blocked 
by procaine. The author has felt it best to re- 
sort to sympathectomy in the majority of his 
treated cases. Posterior root rhizotomy, cordot- 
omy or, for high cervical segment, interruption 
of the thalamic pathways in the medulla and 
even resection of the sensory cortex may be 
necessary in exceptional cases.—Mary Frances 
Vastine. 


